Opening Review: MHD waves in the solar atmosphere

B. Roberts
Mathematical Institute, University of St Andrews,
St Andrews, Fife KY16 9SS (Scotland).

Abstract

The solar atmosphere supports a number of wave phenomena, as
attested especially by the recent upsurge in SOHO and TRACE ob-
servations of waves and oscillations in the corona. Such observations
provide considerable impetus to theoretical developments. The mag-
netically structured nature of the solar atmosphere, extending from
isolated concentrations of field in the photosphere to magnetic loops
in the corona, has led to the development of simple models of mag-
netohydrodynamic wave propagation in magnetic flux tubes. Here we
give an overview of some of the basic features of such models, illustrat-
ing these concepts for photospheric conditions, for coronal loops, and
for prominences. The new tool of coronal seismology is also discussed.
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Invited Review: Correlated Intensity Oscillations in the upper
Chromosphere and upper Transition Region above Active Region
Plage

B. De Pontieu
(1) Lockheed Martin Solar & Astrophysics Lab
Palo Alto, CA 94304 (USA)

Abstract

Although there are now many observations showing the presence of
oscillations in the corona, their direct relationship to waves or oscilla-
tions in the photosphere and chromosphere is not well understood. We
provide an overview of recent studies describing correlations between
oscillations in the lower and upper atmosphere. We focus in particular
on our recent wavelet analysis of observations (made with TRACE,
the Transition Region and Coronal Explorer) of strong (~ 10 — 20%)
intensity oscillations in the upper TR footpoints of hot coronal loops.
They show a range of periods from 200 to 600 seconds, typically per-
sisting for 4 to 7 cycles. These oscillations are not associated with
sunspots, as they usually occur at the periphery of plage regions. A
preliminary comparison to photospheric vertical velocities (using the
Michelson Doppler Imager onboard SOHO) reveals that some upper
TR oscillations show a correlation with p-modes in the photosphere.
In addition, a majority of the upper TR oscillations are directly as-
sociated with upper chromospheric oscillations observed in Hea, i.e.,
periodic flows in spicular structures. The presence of such strong
oscillations at low heights (of order 3,000 km) provides an ideal op-
portunity to study the propagation of oscillations from photosphere
and chromosphere into the TR and corona. It can also help us un-
derstand the magnetic connectivity in the chromosphere and TR, and
shed light on the source of chromospheric mass flows such as spicules.
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Solar Oscillations in the Presence of Non-parallel
Sub-photospheric Steady Flows and Atmospheric Magnetic Fields

Y. Taroyan (1,2), R. Erdélyi(1) & J.G. Doyle (2)
(1) SPARC, Department of Applied Mathematics, University of Sheffield,
S3 7TRH Sheffield, England
(2) Armagh Observatory, College Hill, BT61 9DG Armagh, N. Ireland

Abstract

Solar atmospheric (e.g. coronal) seismology is a rapidly emerging
field. The present paper deals with the atmospheric effects combined
with sub-surface (i.e. sub-photospheric) flow on the solar eigenoscil-
lations (p and f-modes). In particular, non-zero angles between the
magnetic field and the flow direction are considered. The dispersion
relation is derived and solved analytically in the long-wavelength limit.
Cases with higher values of the wavenumber are solved numerically.
The relative importance of the solar atmospheric magnetic field and
the flow in contributing to the frequency shifts is revealed in different
wavelength ranges. In some cases these effects may cancel each other,
so that the frequency shifts suffered by the p and f modes are mini-
mal. In other cases the two effects act in unison yielding a maximum
increase or decrease in the frequency. Observational implications of
these theoretical results in the context of low-atmospheric seismology
are discussed.



Active Region oscillations as observed by CDS, EIT and TRACE

D. Banerjee (1), E. O’Shea (2), A. De Groof (1) & S. Poedts (1)
(1) Center for Plasma Astophysics, K.U.Leuven, Belgium
(2) TAC, Tenerife, Spain

Abstract

We will report observational evidence of high frequency active re-
gion oscillations in active regions. We will follow one active region
from one limb to the disk center to look for variations: the effects
of LOS. Interpreting the oscillation in terms of different wave modes
and/or plasma motions always depend on the line of sight as we ob-
serve in the limb or on the center of the disk. We will address some
of these questions. MDI and TRACE photospheric and UV imag-
ing of TRACE and SPIRIT has been used to acquire simultaneous
high temporal and spatial coverage along with the spectroscopic data
from CDS. EIT was operated in the shutterless mode to achieve high
Cadence.



Physics of sunspot oscillations

Y. D. Zhugzhda
[ZMIRAN, Troitsk, Moscow region, 142190 Russia

Abstract

The analysis of optical, infrared, radio and UV observations of
sunspot oscillations in photosphere, chromosphere, transition region
and corona in frames of resonance theory is presented. The relation
between 3-min oscillations and umbral flashes is considered. The inter-
play between 3-, 5-min oscillations and penumbral waves is discussed.
The effect of nonblinearity on 3-min oscillations is considered.



Oscillations above the umbra of sunspots

N. Brynildsen, P. Maltby, T. Fredvik, & O. Kjeldseth-Moe
Institute of Theoretical Astrophysics, University of Oslo,
P.O. Box 1029 Blindern, 0315 Oslo, Norway

Abstract

Oscillations above twelve sunspots are investigated with the Coro-
nal Diagnostic Spectrometer (CDS) and the Transition Region And
Coronal Explorer (TRACE). The CDS observations give knowledge
about the oscillations in the chromosphere, transition region, and
corona and information regarding the contributions of different emis-
sion lines to the TRACE 171 A and 195 A channel intensities. A
period close to 3 min is observed above the umbra of each sunspot.
The observations give support to the idea that the 3 min oscillations
are caused by upwardly propagating acoustic waves. This is evident
from the asymmetry of the oscillation amplitudes in the red and blue
wings of the emission lines, where the oscillations are decidedly more
pronounced in the blue than in the red line wing. Additional support
for the acoustic wave hypothesis emerges from the agreement between
the observed and predicted relations in phase and magnitude between
the oscillations in intensity and line-of-sight velocity. The frequency of
the oscillations is above the acoustic cutoff frequency in the umbral at-
mosphere and the observed phase differences between lines emitting at
different temperatures point to an upwardly propagating disturbance.



Numerical Simulation of Non-Linear Oscillations and Shocks in
the Solar Atmosphere

S. Bryson (1), A. Kosovichev (2) & D. Levy (3)
(1) NASA Ames Research Center/
Program in Scientific Computation and Computational Mathematics,

Stanford University (USA)
(2) Department of Physics,
Stanford University (USA)

(3) Department of Mathematics,
Stanford University (USA)

Abstract

Recent analyses of TRACE observations of oscillations of coronal
loops suggest that these oscillations are driven by underlying perturba-
tions that propagate through the transition region and into the corona.
We describe a one-dimensional study of the response of the solar chro-
mosphere and corona, modelled by the Euler equations, to impulsive
and continuous sources at the surface. This study compares char-
acteristics of oscillations in the chromosphere, transition region and
corona using various models of the atmosphere of the quiet Sun and
above sunspots. In particular, these simulations show that 5-minute
oscillations occur in the upper chromosphere and in the corona in the
quiet Sun model, while 3-4 minute oscillations occur in the sunspot
models in accordance with observations. We examine the response to
various impulse strengths and the relationship between oscillation am-
plitude and power spectrum, and discuss how observations of coronal
oscillations can be used for seismology of the solar atmosphere.
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Search for lower atmospheric signals of coronal longitudinal
oscillations

J. Ireland (1), I. De Moortel (2), R. W. Walsh (3),
P.F. Moretti (4), S. Francis (5)

(1) L3/EER Systems, NASA-GSFC, Mail Code 682.3,
Bldg. 26, Room G-1, Greenbelt, MD 20771, USA
(2) School of Mathematics and Statistics,
Univ. St. Andrews, St. Andrews, KY16 955, UK
(3) Centre for Astrophysics, UCLAN, Preston,
Lancashire, PR1 2HE, UK
(4) Dept. Aerospace Engineering, Georgia Institute
of Technology, Atlanta, GA 30332, USA
(5) Osservatorio Astronomica di Capodimonte,

Via Moiariello 16, 80131 Napoli, Ttaly.

Abstract

Longitudinal oscillations aka propagating disturbances, originally
seen in SOHO-EIT 171A and 195A, have been well observed in TRACE
171A passband and occasionally observed in the hotter TRACE 195A
passband. Two populations, oscillating in the 3 and 5 minute bands
are discerned. The 3 minute population is apparently rooted in sun-
spots, whilst the 5 minute population is not. Many authors take the
existence of both these populations to indicate the presence of slow
magnetosonic waves in the solar corona. However, their oscillatory
properties lower down in the solar atmosphere are less well known.
We examine MDI, Kanzelhohe and SOHO-CDS data to look for ev-
idence of the existence of these oscillations in the photosphere with
regard to their root locations.
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Solitary wave propagation from the photosphere into the solar
corona

R. Erdélyi' & V. Fedun'?
'Space & Atmosphere Research Centre, Dept. of Applied Mathematics
Univ. of Sheffield, Hounsfield Road, Hicks Building
Sheffield, S3 7TRH, UK

“Dept of Astronomy and Space Physics, Kiev National University
Glushkova 6, Kiev 03680, Ukraine

Abstract

In the present paper we study the excitation and time dependent
dynamic evolution of solitary waves on vertically open cylindrical mag-
netic flux tubes in a stratified plasma. The axisymmetric flux tubes
have a typical field strength of 1500 G at their photospheric roots,
reducing to 20-30 G in the corona. Solitons are excited by a foot-
point driver. The propagation of the solitary signal is investigated by
solving numerically a set of fully nonlinear 2.51D MHD equations. We
compare our results with the analytical solution of Molotovshchikov
and Ruderman (1987). The model is applied to spicule formation in
the chromosphere, as suggested by Roberts & Mangeney (1982).

We have also determined, numerically, the threshold value of pa-
rameters at which perturbations change from linear to nonlinear. Fu-
ture possible improvements in modeling and the relevance of the pho-
tospheric - chromospheric transition region coupling by spicules is sug-
gested.
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Influence of random atmospheric magnetic field on photospheric
surface waves

R. Erdélyi, A. Kerekes, N. Mole & M.S. Ruderman
Space & Atmosphere Research Centre, Dept. of Applied Mathematics
Univ. of Sheffield, Hounsfield Road, Hicks Building
Sheffield, S3 7TRH, UK

Abstract

The discrepancies between theoretically predicted and observed
frequencies of solar global eigenoscillations (e.g. p- and f-modes) have
attracted major attention in the past two decades. In the present pa-
per we wish to explore whether the solar atmosphere may account
for the apparent frequency paradox. Magnetic flux is continuously
emerging at photospheric levels and is expanding into the solar atmo-
sphere. We investigate the possible effects of an atmospheric random
magnetic field on the solar fundamental mode (f-mode) characterised
by the dispersion relation w? = gk. Frequency corrections due to a
stochastic atmospheric magnetic field are derived analytically in the
limit of the long wavelength approximation, while these corrections
are determined numerically for arbitrary wavelengths.
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Random flow effects on surface waves

R. Erdélyi, A. Kerekes & N. Mole
Space & Atmosphere Research Centre, Dept. of Applied Mathematics
Univ. of Sheffield, Hounsfield Road, Hicks Building
Sheffield, S3 7TRH, UK

Abstract

Studying the properties of surface waves is probably the simplest
wave tool for diagnosing a medium. Surface waves are observed e.g.
as the fundamental global oscillations (called the f-mode), and have
also been detected at the boundaries of various solar structures (e.g.
sunspot filaments, coronal loops, coronal funnels, solar wind tubes,
etc.). SOHO and TRACE have demonstrated that the solar atmo-
sphere and its magnetic structures are highly inhomogeneous at al-
most all spatial and time scales. The question naturally arises: does
the random nature of the medium influence the propagation charac-
teristics of these surface modes?

In the present paper we investigate the influence of a random ve-
locity field on a plasma surface wave. We derive the correction to
the dispersion relation of the surface wave due to the presence of the
stochastic plasma flow in the incompressible limit. Krequency cor-
rections due to random flow fields are evaluated analytically in the
limit of the long wavelength approximation, while these corrections
are determined numerically for arbitrary wavelengths. The derived
correction to the dispersion relation may help us to diagnose more
accurately solar plasmas.
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Buoyancy-induced periodic phenomena in tilted magnetic fields

K. Petrovay
Eo6tvos University, Dept. of Astronomy, Budapest, Hungary

Abstract

The nonlinear behaviour of buoyancy-induced periodic phenomena
(oscillatory convection, Parker instability) in tilted magnetic fields is
studied and potential applications to sunspot penumbrae and moving
dipolar features are discussed.
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MHD waves in flux tubes : A possible explanation of waves in
coronal loops ?

C. S. Brady & T. D. Arber
Department of Physics, University of Warwick, England

Abstract

Recent observations of oscillations in coronal loops suggest the
presence of slow mode waves in coronal loops with periods of between
3 and 5 minutes. Sound waves of these periods cannot propagate
into the corona directly because of the acoustic cut-off frequency. A
possible explanation of these waves is the generation of MHD modes
lower in the solar atmosphere which are then transmitted along flux
tubes, these MHD waves may then couple into slow modes in the
corona, hence generating the observed waves. Numerical simulations
were performed to test this possibility.
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New determination of Solar gravitational moments .J, and .J,

R. Mecheri (1), J. Provost (2), T. Abdelatif (1) & A. Irbah (1)
(1) C.R.A.A.G - Observatori d’Alger
BP 63 16340 Bouzareah Alger Algeria
(2) Departement Cassini, UMR CNRS 6529
Observatoire de la Cote d’Azur, B.P. 4229, 06304
Nize CEDEX 4, France

Abstract

By using the theory of slowly rotating stars, the solar quadruple
and octopole moment, respectively Jo and J4, were computed using a
solar model obtained from CESAM stellar evolution code (P. Morel et
al. (1997)) combined with a new analytical model of solar differential
rotation (Corbard et al. 2002) taking into account a near-surface
radial gradient of rotation inferred and quantified from MDI f-modes
observations by Corbard and Thompson (2001). The values of J; and
J4 obtained permit to evaluate the solar oblateness and it’s induced
latitudinal variations of solar diameter in order to compare them to
those obtained from observations. We also use .Jy to calculate its
contribution to the advance of the perihelion of Mercury for which the
found value is in agreement with the theory of General Relativity and
the measurements of Mercury’s orbit by means of planetary ranging
radar.
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MAG Waves in Sunspot Umbra: Damping properties and Slow
mode leaking to the Corona

Lotfi Yelles Chaouche & Toufik Abdelatif
Centre de Recherche en Astronomie, Astrophysique et Geophysique,
Bp: 63 Route de I’observatoire Bouzareah 16340 Alger (Algeria)

Abstract

The linear oscillations of a stratified atmosphere embedded by a
uniform vertical magnetic field are studied here. We use a simple
theoretical model, formed by the superposition of two isothermal lay-
ers, representing respectively i) the photosphere and the chromosphere
and ii) the corona. The bottom layer behaves for some modes as a
resonant cavity where MAG waves are semi trapped. We find the ex-
istence of two types of modes: 1) Fast modes which are trapped below
the transition layer 2) Mixed modes which are resonant modes in the
first layer and leaking part of the energy to the corona. These last
modes have been found to be damped in the horizontal direction and
can explain the observed slow modes in the corona .
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Invited Review

R. Stein
Michigan State University (USA)

Abstract
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COmospheric Waves

T. R. Ayres
Center for Astrophysics and Space Astronomy
389 UCB, University of Colorado
Boulder, Colorado 80309 (USA)

Abstract

The COmosphere is a cool layer (T" ~ 3500 K) thought to extend
from the upper photosphere several hundred kilometers into the warm
middle chromosphere (7" ~ 7000 K). The main observational signa-
tures of the COmosphere are the anomalous limb darkening of the
strong 5pm rovibrational bands of carbon monoxide, and the curious
off-limb emissions of the same species. The origin, spatial pervasive-
ness, and physical significance of the region have been hotly debated
over the past several years. Although the nature of the COmosphere
remains to be settled, one thing is clear: at disk center, the strong CO
lines achieve 7 ~ 1 in the high photosphere, and thus are sensitive to
the wave energy propagating up through that region, ultimately into
the chromospheric “canopy” above. 1 describe time-resolved measure-
ments of the infrared CO lines obtained at the 1.5 m McMath-Pierce
telescope at Kitt Peak, using a new adaptive optics (AO) system,
developed by C. Keller and C. Plymate, and an integral field unit
(IFU) based on a 4mmx4mm Bowen-style image slicer designed by
K. Pierce in the 1960s. The IFU allows a 10” x 10" area on the
Sun to be spectrally imaged in a single exposure with the 256 x 256
Amber Engineering InSb camera, while the AO system mitigates at-
mospheric blurring. The sharpest frames are selected after the fact,
and assembled into a 2-D spatial time series of CO parameters: line
core temperatures, widths, and Doppler shifts. 1 present the results of
several recent exploratory IFU/AQ runs, whose purpose was to probe
the acoustic disturbances that are thought to give rise to Ca 1l “K
grains.” This provides an important boundary condition for the dy-
namical fine structure seen at higher altitudes by SoHO and TRACE.
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Evidence for wave dissipation through EUV emission line
narrowing

R. A. Harrison (1), A. Hood (2) & C. D. Pike (1)
(1) Space Science and Technology Dept.,
Rutherford Appleton Laboratory,
Chilton, Didcot, Oxfordshire OX11 0QX (UK)
(2) Mathematics and Statistics, The University,
St Andrews, Fife KY16 9SS, Scotland (UK)

Abstract

Using long-duration observations over closed field, quiet Sun re-
gions above the solar equator, evidence has been found for the nar-
rowing of coronal emission lines with increasing altitude. This is in-
terpreted as evidence for wave dissipation in the quiet Sun corona.
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Detectability of high frequency acoustic waves with TRACE

A .Fossum & M. Carlsson
Institute of Theoretical Astrophysics,
University of Oslo, PB 1029 Blindern, 0315 Oslo (Norway)

Abstract

High-frequency acoustic waves have been proposed as a mechanism
to heat the Solar chromosphere in internetwork regions. Such waves
are difficult to detect using ground based observations because of see-
ing. Space based Solar observatories like SOHO and TRACE are not
hampered by such high frequency disturbances caused by the Earth’s
atmosphere. We have used detailed NLTE radiation hydrodynamic
simulations to investigate the detectability of high frequency acoustic
waves with TRACE. A broad spectrum of acoustic waves are fed into
the computational domain at the lower boundary of the model atmo-
sphere and TRACE UV continuum intensities are calculated by folding
the derived intensities with the TRACE filter functions for the 1600
and 1700 filters. Phase diagrams are calculated and compared with
the acoustic spectrum in the simulations. The results show that the
width of the TRACE intensity response functions limit the possibility
of detecting the high frequency signal. Furthermore, long wavelength
leakage into the filters introduces shifts in the phase diagrams. Proper
linear combinations of the filtergrams can minimize these effects.
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MHD wave propagation in open flux tubes in the low solar
atmosphere

S. P. James and R. Erdélyi
Space and Atmosphere Research Center,
Department of Applied Mathematics, University of Sheffield,
The Hicks Building, Hounsfield Road, Sheffield S3 7RH,
United Kingdom

Abstract

The propagation of wavelike disturbances in open magnetic flux
tubes in the low solar atmosphere is considered. Their evolution is
studied numerically in a fully non-linear 1.5D MHD regime under the
thin flux-tube approximation and includes an approximate treatments
of radiation, thermal conduction and other energetics. In particular,
the slippage between ion species, which are directly affected by changes
in magnetic and electric fields, and the neutral fluids, which are af-
fected only indirectly by colliosional coupling, is considered. This
becomes non-negligible in the upper chromosphere for high frequency
Alfvén waves (typically for frequencies of the order of 0.1 Hz) and the
resulting wave damping and dissipation is included in our treatment.
The disturbances are generated in the photosphere or low chromo-
sphere by a variety of localised drivers, including Alfvén wave, slow
wave and random drivers, and over a wide range of parameters. Com-
parison is drawn with observed solar phenomena, particularly solar
spicules.
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The upper solar chromosphere observed with SUMER

K. Wilhem & W. Kalkofen
Max Planck Institut fir Aeronomie, Katlenburg-Lindau
(Germany)

Abstract

The chromospheric network reflecting the supergranulation of the
outer convection zone of the Sun is a prominent feature of the lower
solar atmosphere that extends into the transition zone between chro-
mosphere and corona. In particular, the physics of the so-called “non-
magnetic” chromosphere in internetwork regions is not yet fully under-
stood. We present observations of the H1 Lyman continuum obtained
in areas of the undisturbed Sun by the Solar Ultraviolet Measurements
of Emitted Radiation (SUMER) instrument on the Solar and Helio-
spheric Observatory (SOHO). The observing sequences are unique in
the sense that they cover the spectral range from 67 nm to 93 nm with
the highest cadence the SUMER spectrometer can achieve operating
near the limit of its mechanism performance, telemetry allocation,
and memory capabilities. In this wavelength range not only the Ly-
man continuum but also many extreme-ultraviolet emission lines (N 11,
N, Stv, O11, O1r, O1v, O v, Nevri, and Mg1x) are prominent, al-
lowing the investigation of radiation formed at temperatures represen-
tative of regions from the chromosphere to the corona. Brightenings
have been identified that are presumed to be related to the well-known
3 min oscillations as seen, for instance, in Call Hgy and Ky, obser-
vations. The relative temporal variations of the continuum radiance
near 77 nm were typically 20 % to 40 %, whereas simultaneously
recorded transition-region lines varied by about 40 % of their lowest
values in phase with the continuum. In the corona, the Neviir and
Mgix lines with formation temperatures of 620000 K and 950000 K,
respectively, experienced relative changes of &~ 10 % and displayed no
phase relationship with the transition-region lines or the continuum.
The observations will be discussed with a view towards providing con-
straints for modelling chromospheric structure and dynamics.
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A Search for High Frequency Oscillations with TRACE

K. Muglach
Naval Research Laboratory
Washington, DC, 20375 (USA)

Abstract

A very high cadence sequence of TRACE UV images is used to
search for high frequency (>10 mHz) oscillations in the solar chromo-
sphere. We observed an active region near disk center and analysed
intensity time sequences of the plage/network and internetwork. We
find in most cases statistically significant peaks are present in the
power spectra between 10 and 20 mHz. In exceptional cases we find
power peaks at even higher frequencies, corresponding to period as
low as 15 — 30 sec.
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Wave Propagation in the Internetwork Chromosphere

W. Kalkofen
Harvard-Smithsonian Center for Astrophysics,

Cambridge, MA 02138 (USA)

Abstract

Calcium bright points in the internetwork chromosphere have been
shown by numerical simulations of their dynamics to be caused by
large-amplitude acoustic waves that form shocks in the layers of for-
mation of the emission peaks of the Ca Il H and K lines. The density
of the bright points is of the order of 10 or 20 per supergranulation
cell. Except for supergranular flow, they maintain fixed locations.
Their filling factor increases upward in the chromosphere, suggesting
an origin in point-like sources in the photosphere. The acoustic waves
emanating from these source regions travel upward in cones with an
opening angle of about 90°.

This topology explains why numerical simulations of the dynamics
reproduce the characteristic and defining features of calcium bright
points but fail to provide quantitative agreement with observatio ns.
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Propagating waves in the chromosphere with frequencies below
the acoustic cut-off

W. Finsterle (1), S. M. Jefferies (1), A. Cacciani (2),
P. Rapex (2), L. Cesario (2), C. Giebink (1),
A. Knox (1) & B. Subrizi (2)
(1) Maui Scientific Research Center, Univ. of New Mexico,
590 Lipoa Pkwy, Ste. 202 Kihei HI, 96753 (U.S.A.)
(2) Dipartimento di Fisica,
Univ. La Sapienza, 1-00185 Roma (Italy)

Abstract

Theory suggests that oscillations with frequencies below the acous-
tic cut-off frequency can propagate into the chromosphere. If true,
the 5 min oscillations could play a substantial role in the transport of
acoustic energy into the chromosphere. Our recent simultaneous ob-
servations of the velocity wavefield in photosphere and chromosphere
lend some support to this theory. We have detected upward travelling
waves at frequencies as low as 3.5 mHz in sunspots and plage regions.
However, these waves are not present in all active regions at all times.
This suggests that there must be at least one other factor, besides the
presence of magnetic activity, to enable propagation of low frequency
acoustic waves. Maps of the wave travel time in the chromosphere
offer a tool to find these factors and to constrain the models for ac-
tive regions as well as quiet sun. At higher frequencies (6-8 mHz) we
find upward propagating waves in the quiet sun, while waves in active
regions are mostly evanescent-like, with some small areas showing up-
ward and downward wave propagation. We will discuss some of the
implications of these observations.
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A Wavelet Analysis Approach to TRACE quiet Sun oscillations

R.T.J. McAteer (1), P.T. Gallagher (2), D.S. Bloomfield (1), M.
Mathiuodakis (1), F.P. Keenan (1)
(1) Department of Pure and Applied Physics,
Queen’s University Belfast, Belfast, N.Ireland, BT42 1ET, (UK)
(2) Solar Physics Branch (Code 682),

Laboratory for Astronomy and Solar Physics,
NASA / GSFC, Greenbelt, MD 20771, (USA)

Abstract

An automated wavelet analysis approach to TRACE UV quiet sun
datasets is discussed. Periodicity and duration of oscillations present
in the network and internetwork are compared and contrasted. This
provides a means of extending previous Fourier results into the time-
localised domain. As expected the longest duration oscillations occur
around the acoustic band and the network tends to dominate over
the internetwork at periods > 4 mins. However, it is shown that
the internetwork can dominate over the network at long periods (7 -
20 mins), but only for short durations (< 3 complete oscillations). A
new heating mechanism is suggested to explain these results.
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Oscillatory Signatures Above Quiet Sun Magnetic Elements

D. S. Bloomfield (1), B. W. Lites (2), P. G. Judge (2),
R. T. J. McAteer (1), M. Mathioudakis (1) & F. P. Keenan (1)
(1) Department of Pure and Applied Physics,
Queen’s University Belfast, Belfast, BT7 1NN,
Northern Ireland (UK)
(2) High Altitude Observatory,
National Center for Atmospheric Research,

P.0. Box 3000, Boulder, CO 80307-3000 (USA)

Abstract

An area of quiet Sun was studied in the 1998 May 16 data set of
JOPO072 (Joint Observing Proposal between SoHO and TRACE). This
130 min time—series was complemented by simultaneous ground—based
observations obtained at NSO/Sacra mento Peak — consisting of pho-
tospheric vector-magnetograms and Ca 11 H | ine & wing spectra. We
present results from wavelet analysis performed on magnetic regions
and relate these to possible wave modes in the solar atmosphere.
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Evolution of blue-shifted Ha grains observed in the cell interior

S. Kamio & H. Kurokawa
Kwasan observatory

Kyoto Univ., Kyoto, 607-8471 (Japan)

Abstract

We studied temporal variation of Ha blue-shifted grains in the cell
interior and found causal relation between Ha line broadening and
upflow in the chromosphere. Our analysis is based on filter images at
-0.6A from the Ha line center and Ha spectra obtained simultaneously
with Domeless Solar Telescope(DST) at Hida Observatory. A quiet
region near the disk center was observed for 80 minutes in good seeing
condition on 8 August 1995.

Hao grains appear as round dark features in Ha-0.6A images, and
their typical diameter and duration are 103km and 1 minute respec-
tively. In some cases, they repeatedly appeared at the same location
with interval of 3 minutes. On the other hand, dark mottles on the
network show elongated shapes and have longer durations(>5 min-
utes).

Doppler velocity is derived from Ha spectra, and the result shows
3-minute oscillation of large amplitude(8 km s=') at the location of
grains. Although 3-minute oscillation is common to the chromosphere
of cell interior, Ha grains indicate the location of amplified oscillation.
Ha line broadening is detected at the location of grains, and it is
found that the maximum broadening occurred just before the upward
velocity reached its maximum. The broadening of Ha line indicates
the existence of shock or turbulence in the chromosphere, which causes
the following upflow. The periodic behaviour of grains suggests that
the 3-minute oscillation in the chromosphere produces or triggers the
shock.
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Profile Variations of Chromospheric Bright Points

W. Kalkofen (1), E. H. Avrett (1), R. Kariyappa (2) & R. Loeser (1)
(1) Harvard-Smithsonian Center for Astrophysics,
Cambridge, MA 02138 (USA)

(2) Indian Institute of Astrophysics,

Koramangala, Bangalore-560 034 (India)

Abstract

Large-amplitude oscillations in the intensities of chromospheric
lines are found at discrete locations in the interior of supergranula-
tion cells. They are formed by upward-propagating acoustic waves
and are observed in the Ca Il H and K lines as brightenings with a
typical period of 3 min. Changes in the values of the emergent in-
tensities and frequency shifts in the emergent line profile reveal the
temperature fluctuations due to the upward-propagating waves and
the state of motion of the atmosphere.

Comparison of observed time-varying H line profiles with the pro-
files from simulations of the d ynamics shows broad agreement in the
characteristic features of the bright-point phenomenon but indicates
significantly lower peak temperatures as well as lower velocity shifts
than in the dynamical model of Carlsson and Stein.
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Moreton waves observed at Hida Observatory

Noriyuki Narukage (1), Shigeru Eto (2), Taro Morimoto (1),
Miwako Kadota (1), Reizaburo Kitai (1), Hiroki Kurokawa (1)
& Kazunari Shibata (1)

(1) Kwasan and Hida Observatories,

Kyoto University, Yamashina, Kyoto 607-8471 (Japan)

(2) Department of Astronomy,

Kyoto University, Sakyo-ku, Kyoto 606-8502 (Japan)

Abstract

Moreton waves are flare-associated waves observed to propagate
across the solar disk in He, especially in the wing of Ha. The phe-
nomenon was first reported in 1960 by Moreton. They propagate at
speeds of 500-1500 km s~! with arc-like fronts in somewhat restricted
angles, and are often associated with type Il radio bursts. Uchida in
his 1968-1974 papers nicely explained Moreton waves as the intersec-
tion of a coronal MHD fast-mode weak shock wave and the chromo-
sphere. However, the generation mechanism of a Moreton wave has
not been made clear yet. The Flare Monitoring Telescope at the Hida
Observatory of Kyoto University observed 13 events associated with
flare waves (i.e. Moreton waves and/or filament oscillations) in Ha
from 1997 to 2002. We review our studies of Moreton waves based on
these observations;

(1) relation between EIT wave and Moreton wave (Eto et al. 2002),

(2) simultaneous observations with X-ray wave (Narukage et al.
2002),

(3) three dimensional structure of Moreton wave (Narukage et al.
2003a),

(4) relation with filament eruption (Narukage 2003b). In all events,
filament eruptions were observed. Especially, in the case when the
propagation of the Moreton waves was observed, the filaments erupted
in the same direction after the waves propagated. We consider this
point as the clue to elucidate the generation mechanism of the flare-
associated wave.
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Collisional and viscous damping of MHD waves in partially
ionized plasmas of the solar atmosphere

M.L. Khodachenko & H.O. Rucker,
Space Research Institute, Austrian Academy of Sciences,

Schmiedlstrasse 6, A-8042 Graz, Austria .

Abstract

Magnetohydrodynamic (MHD) waves are widely considered as a
possible source for heating of various parts of the outer solar atmo-
sphere. The heating effect of MHD waves is connected with a certain
dissipation mechanism which converts the energy of damped MHD
waves into the energy of the background plasma. The presence of
neural atoms in the partially ionized plasmas enhances the dissipation
of energy of the propagating MHD waves.

In application to the processes in the solar photosphere and chro-
mosphere damping of MHD waves is considered by different authors
taking account of two different energy dissipation mechanisms. As the
main mechanism of the MHI) wave energy dissipation one group of re-
searchers assumes the ion-neutral collisions which cause the friction
between ions and the neutral fraction in the partially ionized plasma
(Piddington 1956; DePontieu et al. 2001). At the same time, an
other group of authors takes into account only the viscosity effects
(Tsiklauri & Nakariakov 2001; Ofman 2002). We emphasize, in that
connection, different physical nature of the above two mechanisms of
MHD wave energy dissipation. The forces associated with the viscosity
have purely kinetic origin and are caused by the momentum transfer
during the thermal motion of particles, whereas the collisional fric-
tion forces appear due to the averaged relative motion of the plasma
species.

While the frictional dissipation (electrical resistivity) can usually
be safely neglected as compared to the viscosity effects in the fully
ionized solar corona, the relation and mutual role of both these dissi-
pation mechanisms for damping of MHD waves in the lower (partially
ionized) solar atmosphere requires a special comparative study. Cor-
rect description of MHD) wave energy dissipation requires in general
case the consideration of both mechanisms via inclusion of appropriate
terms into the advanced form of the generalized Ohm’s law, as well
as into the momentum, energy and induction equations. In this paper
we give some basic estimations concerning the frictional and viscous
damping of MHD) waves in the solar plasmas and decide which dissi-
pation mechanism and where can be considered as a dominating one,
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as well as define the cases where both mechanisms should be taken
into account.

DePontieu, B., Martens, P.C.H., Hudson, H.S., 2001, ApJ, 558,
859.

Ofman, 1.., 2002, ApJ, 568, 1.135.

Piddington, J.H., 1956, MNRAS, 116, 314.

Tsiklauri, D., Nakariakov, V.M., 2001, A&A, 379, 1106.
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Invited Review

K. Schrijver
LMSAL (USA)

Abstract
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Invited Review: Topological changes and magnetic coupling;:
observational aspects

S.K. Solanki
Max-Planck-Institut for Aeronomy, 37191 Katlenburg-Lindau, Germany

Abstract

The magnetic field, which possesses a complex structure in the
solar atmosphere, is the prime agent coupling the different layers of
the atmosphere with each other. The topology of the coronal field is
determined by the emergence of new field into the solar atmosphere
from the subsurface layers, the subsequent interaction of the footpoints
of this field with convection and the interaction of the freshly emerged
loops with the overlying ambient field. Various processes cause the
magnetic topology to change, often accompanied by energy release.

An overview of the observational evidence for such magnetic cou-
pling of the solar and topological changes is provided.

42



Oral Contributions

43



Outflow in equatorial coronal holes and the origin of the fast solar
wind

L. D. Xia, E. Marsch & W. Curdt
Max-Planck-Institut fir Aeronomie,

D-37191 Katlenburg-Lindau (Germany)

Abstract

The outflow velocity maps of the Ne”* ion have been deduced from
Doppler shifts of the Ne VIII 770 A line (with a formation tempera-
ture of about 630 000 K), which was observed by SUMER/SOHO in
equatorial coronal holes. By comparison with the photospheric mag-
netic field measured by NSO/Kitt Peak, it has been found that the
topology of the Dopplergrams is obviously determined by that of the
underlying magnetic field. Red shifts or weak blue shifts are present
only in bright structures seen in the intensity maps of the Ne VIII
line, with mixed-polarity magnetic structures underlying. Conversely,
large

blue shifts are mainly associated with dark regions, where strong
magnetic flux of a single polarity is concentrated. It seems that the
results are in agreement with the notion that the fast solar wind orig-
inates from, and is initially accelerated in, the open magnetic funnels.
The measured outflow velocities in the central regions of the network
are comparable with the values predicted by models, in which coronal
heating was considered as being due to cyclotron damping of high-
frequency Alfvén waves.
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Jets and Alfven waves generated by magnetic reconnection in the
corona

T. Yokoyama (1), T. Miyagoshi (2), & K. Shibata (2)
(1) Dept. of Earth and Planetary Sci., Univ. Tokyo (Japan)
(2) Kwasan Obs., Kyoto Univ. (Japan)

Abstract

The generation of jets and Alfven waves by magnetic reconnection
in the corona is discussed. Through the MHD simulations, we found
that part of the magnetic energy released by reconnection is converted
to the Alfven and the fast-mode MHD sonic waves.
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Coronal loop heating by high frequency Alfvén waves

S. Patsourakos & J. A. Klimchuk
Naval Research Laboratory
Space Science Division
Washington, DC 20375 - 5352
USA

Abstract

We propose a new coronal loop heating scaling law based on the
resonant interaction between high frequency Alfvén waves and the
coronal plasma. Such resonance occurs whenever the frequency of
the waves matches the local proton gyro-frequency, and results in the
conversion of wave energy into plasma thermal energy. Our scaling
law is derived using a simplified heating function expected from this
mechanism. We test it against observations of soft x-ray quiescent
loops and discuss the constraints that the observations place on the
properties of the waves.
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TRACE downflows and energy release

A. Asai (1) T. Yokoyama (2) M. Shimojo (3) & K. Shibata (1)
(1) Kwasan and Hida Observatories,
Kyoto University, Kyoto, 607-8471 (Japan)
(2) Department of Earth and Planetary Science,
University of Tokyo, Tokyo, 113-0033 (Japan)
(3) Nobeyama Radio Observatory,
Nagano, 384-1305 (Japan)

Abstract

We have examined in detail the evolution of a big two-ribbon flare
which occurred on 2002 July 23. The extreme ultraviolet images ob-
tained with TRACE show dark downflow motions (sunward motions)
above the post-flare loop, not only in the decay phase but also in the
impulsive and main phase. We found that the times when the down-
flow motions are seen correspond to those of the bursts of nonthermal
emissions in hard X-ray and microwave. This result means that the
downflow motions occurred when strong magnetic energy was released,
and that they are, or correlated with, the reconnection outflows. We
also found the ascending motions of super hot plasma region seen in
TRACE and RHESSI associating with the light curves in hard X-rays
and microwaves. This result supports the Neupert effect.
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The finest features in the EIT images

J. F. Hochedez (1) & L. Jacques (2)
(1) Royal Observatory of Belgium, Circular Avenue 3.,
B-1180 Brussels (Belgium)
(2) Theoretical Physics Institute, UCL,
B-1348 Louvain-la-Neuve (Belgium)

Abstract

From the images of the Extreme ultraviolet Imaging Telescope,
we carefully extract the smallest objects on the base of an advanced
directional wavelet algorithm. Observational and instrumental biases
are corrected for. Several categories of fine features are distinguished:
EUYV bright points, thin loops, footpoints, point-like solar structures,
cosmic-ray hits, etc. The measured parameters are analysed physi-
cally, and statistical trends are exhibited in the course of the solar
cycle.
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On the Nature and Location of Large-scale Coronal Pulse
Propagations

M. J. Wills-Davey
Southwest Research Institute Boulder, CO 80302 (USA)

Abstract

“EIT waves” are generally associated with low-cadence, full-disk
195 A EUV observations. Recent TRACE data allow us to see these
propagating coronal waves in more than one narrowband filter and
with high spatiotemporal resolution. With new mapping algorithms,
we can track such wavefrontsin a reproducible manner, and determine
the density changes and flux associated with the propagation.

We examine in detail an event from 13 June 1998. Using only
observational evidence, we find that the wavefront behaves as a fast-
mode magnetoacoustic wave. It also appears that the wave experiences
adiabatic compression, and does not lose any measurable energy to the
surrounding medium.

Through comparison of 171 and 195 A EUV passbands and exam-
ination of wave dispersion, we are able to place limits on the altitude
of the propagation. We compare these limits with existing theories,
and with results from our own analytical analysis. Results suggest
that the ”EI'T wave” is trapped in a wave guide in the lowest part of
the corona.

Using our postulation, we offer a possible explanation for the dearth
of soft x-ray observations of propagating waves, as well as the seeming
uniformity of KUV events. In light of such propagation constraints,
we address the usefulness of such waves in coronal seismology.
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A Simple Topological Model of Bastille Day Flare (2000, July 14)

[.V.Oreshina (1) & B.V.Somov (1) & G.P.Liubimov (2)
(1) Sternberg Astronomical Institute,
Moscow State Univ.
Moscow (Russia)
(2) D.V.Skobel’tsyn research institute of nuclear physics
Moscow State Univ.
Moscow (Russia)

Abstract

We present results of three-dimensional mumerical modeling of the
coronal magnetic field in the active region NOAA 9077, where a large
two-ribbon flare (3B/X57) occured on 2000, July 14. The coronal field
was reconstructed using a potential approach on the base of photo-
spheric magnetograms obtained by the SOHO/MDI. An analysis of
the computed stucture is performed. Two-ribbon nature of the flare
observed in different wavelengths by spacecrafts Yohkoh and TRACE,
is shown to be a consequence of the field topology. A place and a form
of bright chromospheric ribbons and the apparition of bright kernels
along the edges of ribbons are explained. Note that the advantage of
our model consists in the simplicity and the clearness.
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Topological changes of the magnetic network as seen in different

UV/EUYV emission lines

L. D. Xia, E. Marsch, & K. Wilhelm
Max-Planck-Institut fir Aeronomie,

D-37191 Katlenburg-Lindau (Germany)

Abstract

By combining observations made by SUMER, and MDI aboard
SOHO, fine structures in equatorial coronal holes have been studied,
in particular the relationship between the ultraviolet emission line pa-
rameters (line radiance, Doppler shift and line width) and the under-
lying magnetic field. The bases of coronal holes seen in chromospheric
lines have generally similar properties than normal QS regions, i.e.,
small bright points are the predominant features in the network as
well as in cell interiors. An obvious difference has been found in the
shape of the H I Ly f line, which has very asymmetric (skewed to-
wards the blue side) profiles in the coronal hole. On the other hand,
loop-like structures are the most prominent features in the transition
region. In coronal holes, we found that most of such structures seem to
have one footpoint rooted in the intra-network and to extend into the
cell interiors. Some of them appear as star-shape clusters. In Dopp-
lergrams of the O VI line, fine structures with apparent blue shifts
are also present, although they are on average red shifted. Structures
with blue shifts have usually also broader line widths. They seem
to represent plasma above large concentrations of unipolar magnetic
field, without obvious bipolar magnetic features nearby.
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Invited Review: Theoretical aspects of waves and oscillations in
prominences R. Oliver

Departament de Fisica,
Universitat de les Illes Balears,

E-07122 Palma de Mallorca, Spain

Abstract

Although the existence of solar prominences has been known for
more than a century, the present understanding of their internal struc-
ture and physical properties is far from satisfactory. An alternative
way of obtaining more information on the nature of these objects con-
sists of exploiting the fact that prominence material oscillate after
being disturbed. The result is a new discipline (called prominence
seismology) in which observational results, such as the period, wave-
length, spatial distribution of oscillations, etc., and theoretical studies,
based on the normal mode vibrations of prominence equilibrium mod-
els, are compared. Here, the main theoretical advances made so far
are reviewed.
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Invited Review: E. Wiehr

Germany

Abstract
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Damping of standing Alfvén waves due to the resonant generation
of slow magnetosonic waves

T. Zaqarashvili (1), R. Oliver (2) & J. L. Ballester (2)
(1) Abastumani Astrophysical Observatory,
Al. Kazbegi ave. 2a, 380060 Thilisi, Georgia
(2) Departament de Fisica,
Univ. Illes Balears, E-07122 Palma de Mallorca (Spain)

Abstract

It is shown that the periodic shearing motions at the velocity antin-
odes of the standing Alfvén waves are unstable to the compressible
perturbations. As a result the slow magnetosonic waves with the half
frequency of Alfvén waves grow exponentially in time. It leads to the
damping of Alfvén waves. The damping time is proportional to the
amplitude of the Alfvén waves. The phenomenon can be of importance
in the solar atmosphere.
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Dynamics of coronal loops: “Catastrophic cooling” and
high-speed downflows

D.A.N. Miiller (1), V.H. Hansteen (2) & H. Peter (1)
(1) Kiepenheuer-Institut fiir Sonnenphysik,
Schoneckstr. 6, D-79104 Freiburg, Germany

(2) Institute of Theoretical Astrophysics,
University of Oslo, P.O. Box 1029,
Blindern N-0315, Oslo, Norway

Abstract

In this work, we address the question of plasma condensation and
“catastrophic cooling” in long coronal loops. We carried out numerical
calculations of coronal loops and find several classes of time-dependent
solutions (static, periodic, irregular), depending on the spatial depen-
dence of a temporally constant energy deposition in the loop. One of
these classes is in remarkably close agreement with the features ob-
served with the Transition Region And Coronal Explorer, TRACE,
described by Schrijver (2001)": Emission in CIV 1548 A, developing
initially near the loop tops, cool plasma sliding down on both sides
of the loop, downflow velocities of up to 100km/s, and a downward
acceleration which is substantially reduced with respect to the solar
surface gravity. In contrast to earlier models, we suggest that the pro-
cess of catastrophic cooling does not ha ve to be initiated by a drastic
decrease of the loop heating. It can also result from a loss of equilib-
rium at the loop apex which is a natural consequence if the loop is
heated predominantly at the footpoints, but constant in time.

'C. Schrijver, Solar Physics 198, 325 (2001)
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Fast Magnetohydrodynamic oscillations in multifibril Cartesian
systems

A. J. Diaz, R. Oliver and J. L.. Ballester
Departament de Fisica,

Univ. Illes Balears, E-07122 Palma de Mallorca, Spain

Abstract

Observations of quiescent filaments show very fine structures sug-
gesting that they can be composed by small-scale threads or fibrils
and, on the other hand, two-dimensional, high-resolution observations
have pointed out that individual fibrils or groups of fibrils may oscil-
late independently with their own periods. Using Cartesian geometry,
Diaz et al. (2001) studied the fast magnetohydrodynamic oscillations
of a single and isolated prominence fibril showing that for reasonable
values of the fibril’s width the perturbations extend far away from its
axis. This study can be looked at as incomplete since, by considering
only one fibril, the interaction between the different fibrils composing
the prominence was not taken into account. In this work, we study
the fast MHD modes of oscillation of homogeneous and inhomogeneous
multifibril Cartesian systems trying to represent the oscillations of the
fibril structure of a real prominence. In the case of an homogeneous
multifibril system, our results show that, for a realistic separation be-
tween fibrils, the only surviving mode is the symmetric one, which
means that, at the end, all the fibrils oscillate in spatial phase with
the same frequency. An inhomogeneous multifibril system can be ob-
tained by varying the Alfvén velocity within each considered fibril,
and the results show that there are not symmetric or antisymmetric
modes, that the amplitudes of oscillation are higher in the more dense
fibrils, that the frequency of oscillation of the fibrils, due to the only
non-leaky mode, is slightly smaller than that of the dominant fibril
considered alone, and that all the fibrils oscillate in phase. Finally,
the introduction of a k, wavenumber results in a better confinement,
a lower interaction between fibrils and a decrease in frequencies.
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Damping of compressional waves in prominences

I. Ballai
Space and Atmosphere Research Centre, Dept. of Applied Mathematics
Univ. of Sheffield, Hounsfield Road, Hicks Building
Sheffield, S3 7TRH, UK

Abstract

The present poster aims to review some of the dissipative effects
(isotropic and anisotropic viscosity, anisotropic thermal conduction,
electrical resistivity, radiative damping) which may count for damping
of compressional MHI) waves in solar prominences. Our theoretical
results are compared with recent observations of wave attenuation in

quiescent prominences.
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Invited Review: Transition region dynamics

D. E. Innes
Max-Planck-Institut fiir Aeronomie,

Max-Planck-Str., 2, 37191 Katlenburg-Lindau (Germany)

Abstract

The transition region structure and dynamics appear to be con-
trolled by the underlying magnetic field and its evolution. Energy
is transferred from the photosphere through the transition region to
the corona. The rapid brightenings and small plasma jets observed
with UV imagers and spectrometers result from rapid energy release,
most probably magnetic reconnection, in an atmosphere permeated
by loops of different size and orientation. We will review signatures of
energy release in the photosphere and chromosphere and evidence of
the subsequent shocks and plasma waves in the transition region.
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Invited Review: Transients and Jets Observed in the Transition
Region

Amy R. Winebarger
Naval Research Laboratory
Code 7673W Washington, DC 20375 USA

winebarger@nrl.navy.mil

Abstract

Small scale releases of energy (nanoflares) have often been impli-
cated as a coronal heating mechanism. There are many observations of
such energy releases, usually in spectra and images that are sensitive
to temperatures around 1 x10° K, but there is little understanding of
how the observed transients are related to coronal heating. In this
talk, | will review the previous observations of transition region tran-
sients and jets and discuss their energetic implications.
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MHD Shocks and the Origin of the Solar Transition Region

M. Ryutova (1) & T. Tarbell (2)
(1) Lawrence Livermore National Laboratory/IGPP
L-413 Livermore, CA 94550 (USA)
(2) Lockheed Martin Solar & Astrophysics Laboratories
Palo Alto, CA 94304 (USA)

Abstract

Simultaneous observations of the solar atmosphere from its surface
to the corona obtained with the Solar and Heliospheric Observatory
(SOHO) and Transition Region and Coronal Explorer (TRACE) show
a ubiquitous sequence of events that start from cancellation of pho-
tospheric magnetic fields, pass through shock formation and result in
transition region supersonic jets and microflares. These results sup-
port a novel view of the energy build up in the solar atmosphere asso-
ciated with cascade of shock waves produced by interacting network
magnetic elements in the photosphere and provide insight into the ori-
gin of the solar transition region. The findings account for the general
mechanisms of energy production, transfer and release throughout the
Sun’s and stellar atmospheres.
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Intensity variations in EIT shutterless mode: waves or flows?

A. De Groof (1) & D. Berghmans (2) & L. Van Driel-Gesztelyi (1)
(1) Centre for Plasma Astrophysics, Celestijnenlaan 200B,
Leuven, Belgium
(2) Royal Observatory of Belgium, Ringlaan 3, Brussels, Belgium

Abstract

The EIT high-cadence synoptic program aims to monitor long-
term changes in the small-scale dynamics of all types of solar struc-
tures, using high-cadence sequences made by the Extreme-ultraviolet
Imaging Telescope (EIT). Every 3 months, 120 EIT-images of a quarter-
disk are taken in shutterless mode, allowing for a time cadence of 68s.
The sequence is taken alternately in two bandpasses, 304A and 195A.
The program is supported by TRACE (171A) and by additional in-
struments like CDS, MDI, etc. whenever possible.

The EIT 304A sequence taken on 11 July 2001 reveals 3 very inter-
esting features: bright feat ures move along the spine of an interesting
filament, an off-limb loop structure expands and brightens up and
as most prominent feature, a bright propagating disturbance moves
down along an off-limb loop structure. The multiwavelength study
of the 11-July-sequence reveals that the expanding loop region is di-
rectly related to a C2.4 flare seen in SXT with interesting flare loops
in EIT and TRACE. The intensity variations off-limb seem to be only
observed in EIT 304A and slightly in TRACE 171A. In order to inter-
pret these as waves or flows, we follow the method used by Wiik et al.
1996 in their analysis of bright ‘blobs’ moving down along postflare
loops in H alpha. We identify the 7 blobs with highest intensities and
follow them on their way down the loop. By means of a location-time
plot, bulk velocities can be measured at several locations along the
loop. The velocity curve found this way is then compared with the
characteristic wave speeds and the free fall speed in order to derive
the nature of the intensity variations. Additional information on den-
sity and temperature is gathered by measuring the relative intensity
enhancements and comparing the EIT 304A sequence with Big Bear
data and 171A data. The combination of all these constraints give us
an interesting view on the nature and origin of the intensity variations
but still several hypotheses are possible.
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Analysis of intensities, line widths and line shifts during blinkers

A. Brkovi¢ & H.Peter
Kiepenheuer-Institut fiir Sonnenphysik, 79104-Freiburg, Germany

Abstract

Quiet regions at Sun centre were observed using SUMER/SOHO.
Relations between variations in the intensity, line width and line shift
during a blinker event are studied. We show results of the analysis of
the C 111037 A (2—4-10*K), O V 629 A (2.5-10° K) and O VI 1038
A (3-10° K) transition region lines. The preliminary results show that
there exist different classes of blinkers depending on the evolution of
the light curve and Doppler shifts during a blinker event. We will also
use model calculations in order to understand the physics behind the
different observational classes of blinkers.
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Intense Transition region brightenings in active regions

P. R. Young
Rutherford Appleton Laboratory
Chilton, Didcot, Oxfordshire, OX11 0QX (England)

Abstract

There is a class of transition region brightenings found in active
regions that can be 20-100 times brighter than average quiet Sun in-
tensities. The Coronal Diagnostic Spectrometer on SOHO is uniquely
capable of simultaneously measuring the abundance, density and tem-
perature structure of such brightenings, and a summary of their prop-
erties will be described.
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Episodic coronal loop heating

C. A. Mendoza-Briceno (1,2) & R. Erdélyi (2)
(1) Space & Atmosphere Research Center,

Dept. of Applied Mathematics, University of Sheffield
Hicks Building, Hounsfield Road, Sheffield, S3 7TRH, England
(2) Centro de Astrofisica Teorica, CAT
Facultad de Ciencias, Universidad de los Andes
Merida, Venezuela

Abstract

Coronal loop temperatures are known to be of a few millions de-
grees but the nature of the energy source remains as a longstanding
fundamental problem for solar (and stellar) physics. Observations
of solar atmospheric plasma show clear evidence of frequent very lo-
calised heating events, which may statistically responsible for heating
of the solar upper atmosphere. One heating theory indicates that these
micro-scale events are driven by localised magnetic field reconnection.
In this paper, we present the results of numerical calculations that de-
scribe the response of the coronal plasma to small-scale heating pulses
in a magnetic loop. In particular, we study the effects of energy input
pulses injected randomly near the two footpoints of a semi-circular
loop. We have found that increasing the elapsing time between suc-
cessive pulses, the overall loop temperature decreases. When a crit-
ical elapsing time is reached the loop can no longer be maintained
at typical coronal temperatures. These features have some support
from SOHO-CDS observations of coronal loops which seem to undergo
strong variability especially in active regions of the solar atmosphere
(Kjeldseth-Moe & Brekke, 1998). We also have found that successive
random pulses can statistically maintain the average plasma temper-
ature at typical coronal values. Due to the randomness of the heat
injections, the resulting temperature profiles show thermal bumps that
could be connected to intermittent behaviour in the transition region
and the low corona.
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Observations of Blinkers with SOHO/CDS and TRACE

D. Bewsher
ESA Space Science Department,
NASA/GSFC, Mailcode 682.3,
Greenbelt, MD 20771, USA

Abstract

Blinkers are short lived intensity enhancements that are observed
in the EUV transition region line s. They were discovered and man-
ually detected using by Harrison (1997) using SOHO/CDS data. We
presen t properties of blinkers identified in TRACE C 1V data and
compare these with blinkers identified in CDS O V. A preliminary
study of the corona above blinkers is also presented.
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Short duration active region brightenings observed in the EUV
and Ha by SOHO/CDS and HIDA /DST

D. H. Brooks, H. Kurokawa, S. Kamio (1) & A. Fludra (2)
(1) Kwasan Observatory, Kyoto University, Kyoto (Japan)
(2) Rutherford Appleton Laboratory, Didcot, Oxon. (UK)

Abstract

We present the first detection of an Ha counterpart to the EUV
blinker. The observations come from a coordinated campaign between
the Hida Observatory, Domeless Solar Telescope (DST) and the SOHO
Coronal Diagnostic Spectrometer (CDS) conducted in July and Au-
gust, 2002. Utilising studies designed for high cadence observations,
many short duration brightenings (< 5 mins.) were identified in the
He 1 537A and OV 629.732A spectral lines in CDS data of active
region NOAA10039/10044. These brightenings show similar charac-
teristics (intensity increases, sizes) to longer duration KUV blinkers
previously reported in active regions and the ’quiet’ Sun. Focusing on
several events which show pronounced emission in the upper chromo-
sphere (He 1), we have been able to identify cospatial bright points
in the lower chromosphere (H a centre, £0.5A) which show enhanced
emission during the KUV blinker. These bright features have similar
lifetimes to their EUV counterparts and their peak intensities occur
close to simultaneously with the peak blinker intensities in the He |
and O V lines. In most cases the He I and O V lines show downward
relative velocities (< 60 km s™!) and excess line broadening at the
peak of the event. A statistical study is being performed to determine
whether these are common events or confined to specific blinkers with
pronounced He | emission. The spatial- and temporal- relationships
between the brightenings indicate a causal link between the EUV and
Ha ”blinker”.
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Transition region and coronal loops heated by turbulence

Xing Li and Shadia R. Habbal
Department of Physics,
University of Wales, Aberystwyth, SY23 3BZ, UK

Abstract

A two fluid steady-state dynamic coronal loop model including
transition region is presented. It is assumed that an Alfvénic turbu-
lence is responsible for the coronal heating. Alfvén wave energy in
large scales is cascaded to high frequency small scales where the wave
energy can be readily absorbed by the proton gas. The Coulomb cou-
pling between protons and electrons efficiently heat the electron gas.
The model can simulate a fairly uniform or an extremely nonuniform
heating along a coronal loop depending on the driving scales of the
turbulence. When a realistic level of wave motion and turbulent driv-
ing scales are used, the model readily reproduces electron densities of
1 — 4x10%m~3 and electron temperatures of 1 — 3x10% K in coro-
nal loops. We found hot loops can support moderate steady flows as
fast as 30 km/s and high electron densities while cold loops can only
support very slow mass flows (close to hydrostatic) and low electron
densities.

74



Condensation in cool coronal loops and its effect on transition
region lines

D.A.N. Miiller (1), V.H. Hansteen (2) & H. Peter (1)
(1) Kiepenheuer-Institut fiir Sonnenphysik,
Schoneckstr. 6, D-79104 Freiburg, Germany

(2) Institute of Theoretical Astrophysics,
University of Oslo, P.O. Box 1029,
Blindern N-0315, Oslo, Norway

Abstract

We report numerical calculations of the condensation of plasma in
short coronal loops, which has several interesting physical consequences.
Firstly, we propose a connection between small, cool loops, which pre-
sumably constitute the solar transition region, and prominences in
the sense that the same physical mechanism governs their dynamics,
namely the onset of instability and runaway cooling due to strong
radiative losses. Secondly, we show that the temporal evolution of
these loop models exhibits a cyclic pattern of chromospheric evapora-
tion, condensation, motion of the condensation region to either side
of the loop, and finally loop reheating with a period of 4000 — 8000s
for a loop of 10 Mm length. Thirdly, we have synthesized transition
region lines from these calculations which show strong periodic inten-
sity variations, making condensation in loops a candidate to account
for observed transient brightenings of solar transition region lines. Re-
markably, all these dynamic processes take place for a heating function
which is constant in time and has a simple exponential height depen-
dence.
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The periodicities of coronal mass ejections

Ahmed Abdel Hady
Astronomy Dept., Faculty of Science, Cairo University, Giza, Egypt

Abstract
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SUMER, UVCS and LASCO observations of small-scale ejecta

L. Teriaca (1), G. Poletto (2) & W. Curdt (1)

(1) Max-Planck-Institut fiir Aeronomie.
Max-Planck Strasse 2, D-37191 Katlenburg-Lindau (Germany)
(2) INAF-Osservatorio Astrofisico di Arcetri.

Largo E. Fermi 5, I-50125 Firenze (Italy)

Abstract

During the fall 2002 SOHO-Sun-Ulysses quadrature, coordinated
SUMER/UVCS observations were carried out off of the west limb.
Data were acquired over six consecutive days in several lines formed
in the 2 10* — 10 K temperature range. The center of the SUMER
slit was placed around 1.14 Rg and oriented in the north-south direc-
tion, while the UVCS slit was set tangent to the solar limb at altitudes
ranging between 1.6 and 2.1 Rg. On November 19 and 20 SUMER ob-
served repeated transient events characterized by a strong increase of
the intensity of transition region and Hydrogen LLyman alpha and beta
lines with large line broadenings and line of sight velocities, while little
if any variations is seen in lines formed around 10 K. The duration
of these events varies between 10-15 minutes up to 1 hour. The phys-
ical parameters of the SUMER events are presented here. The events
observed at low altitude by SUMER and EIT can be later traced as
streamer-like outflows seen in LASCO images and UVCS spectra. The
relationship between the activity in the high corona and the transient
phenomena observed at lower levels by SUMER is discussed.

77



Repetition of explosive event

7.J. Ning & D.E.Innes & S.K.Solanki
Max-Planck-Institut fir Aeronomie,
Max-Planck-Str.2,37191,
Katlenburg-Lindau,Germany

Abstract

We present several examples of explosive events that occur repeat-
edly near the same location on the Sun. Observations were detected
by SUMER in the Si IV line on the quiet Sun near disk center. Three
regions of ~ 7 x 120 arcsec? were rastered rapidly with a time cadence
of ~30 s, each for half an hour. We found that the repetition sites
are near regions of photospheric magnetic field evolution. The char-
acter and structure of events change during repetition sequences. In
some cases, we see evidence for loop-like structure. Although not all
explosive events repeat, the repetition nature turns out an important
characteristic.
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Blinker vs. Explosive events

A. Brkovi¢ & H.Peter
Kiepenheuer-Institut fiir Sonnenphysik, 79104-Freiburg, Germany

Abstract

The structure and dynamics of the transition region from the chro-
mosphere to the corona is crucial for understanding the heating pro-
cesses of the corona. This very thin layer is highly variable down
to the shortest observable time scales. T'wo prominent phenomena
are sticking out: Explosive events, bi-directional jets lasting for less
than a minute, and EUV-blinkers. The nature of the latter ones and
especially the relation of the two phenomena is still unclear.

We will present new observational evidence that (at least many)
blinkers are driven by different physical processes than explosive events.
This is based on first detailed spectroscopic investigations of the line
profiles during a blinker using SUMER/SOHO. We will also present
a 1D loop model to investigate a possible scenario of a blinker being
due to a strong flow through a loop. This flow could account for the
filling of the loop with dense plasma leading to the observed increase
in line intensity.
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High cadence, multiwavelength observations of a small flare

A. Falchi (1), R. Falciani (2), L. Teriaca (3) & G. Cauzzi (1)
(1) INAF - Osservatorio Astrofisico di Arcetri,
L. E. Fermi 5,
[-50125 Firenze (Italy)
(2) Dip. di Astronomia e Scienze dello Spazio, Univ. Firenze,
L. E. Fermi 2
[-50125 Firenze (Italy)
(3) Max-Planck-Institut fur Aeronomie
Max-Planck-Strasse 2
D-37191 Katlenburg-Lindau (Germany)

Abstract

The ultimate origin of small scale transient events in the solar at-
mosphere, and up to which point the same mechanisms are at work
in large and small solar flares, remain questions of great interest. We
will present high-cadence (few s) multiwavelength observations of a
very small flare occurring on Aug. 11, 2002. A large set of instru-
ments allowed a comprehensive sample of the phenomenon at different
heights in the atmosphere. In particular, we will present the global
view provided by GBO images and spectra, TRACE 171 A images,
SOHO-CDS spectra, RHESSI images and light curves. A preliminary
analysis shows an interesting pattern of rapid chromospheric velocity
variations temporally and spatially well correlated with hard X-ray
signatures, a feature up to now observed only in very large flares.
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On Mutual Relation of the Outer Atmospheric Layers in
Network: SOHO/CDS and TRACE Study

P. Gémoéry (1), J. Rybak (1), A. Kucera (1),
W. Curdt (2), H. Wéhl (3)
(1) Astronomical Institute, Slovak Academy of Sciences,

SK-05960 Tatranskd Lomnica (Slovakia)
(2) Max-Planck-Institut fir Aeronomie,
D-37191 Katlenburg-Lindau (Germany)

(3) Kiepenheuer-Institut fir Sonnenphysik,

Schoneckstr. 6, D-79104 Freiburg (Germany)

Abstract

SOHO/CDS and TRACE measurements of emission in the network
of the quiet solar atmosphere near disk center were used to derive a
mutual relations of emission and dynamics in different temperature
regimes in/above supergranular network. Cross-correlation functions
of the intensities and the Doppler shifts of the chromospheric line He1
584.3 A, transition region line O v 629.7A and the coronal line Mg1x
396.1 A were calculated in order to study the relative variability of
different atmospheric layers. Relatively high correlations were found
between the intensities and the Doppler shifts of the He1 and O v lines
with two peaks of the intensity correlation function. The maximum
value of the correlation coefficient (cc =0.86) was reached for the zero
time lag and the second maximum (cc=0.78) was obtained for the
time lag ~190s (O v leads He1). Only one sharp peak (cc=0.55) was
detected in the Doppler shift correlation function of these lines for the
zero time lag. For the correlation of O v and Mg X intensities one peak
(cc=0.57) of the correlation function was also discovered for the time
lag +150s (Mgix falls behind O v). Contrary no correlation was ob-
tained for the Doppler shifts of the O v and Mgix lines. TRACE Fe1x
171 A images, taken simultaneously with the CDS spectra, were used
to detect the coronal loop structure above the investigated network
including its large-scale evolution and small-scale variability. Summa-
rizing we can assume clear relation in energy transfer and/or mass
motion between chromosphere and transition region but no relation
was found between corona and the lower parts of the solar atmosphere
above the particular network under study.
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SUMER/SOHO and TRACE Study of the Transition Region
Blinker

F. Tomasz (1), J. Rybak (1), A. Kucera (1),
W. Curdt (2), H. Wéhl (3)
(1) Astronomical Institute of the Slovak Academy of Sciences
SK-05960 Tatranska Lomnica, Slovakia
(2) Max-Planck-Institut fir Aeronomie,
Max-Planck-Strafle 2, D-37191 Katlenburg-Lindau, Germany
(3) Kiepenheuer-Institut fiir Sonnenphysik,
SchoneckstraBle 6, D-79104 Freiburg, Germany

Abstract

The most prominent transient event is presented from an extensive
search for the transition region internetwork activity in the quiet solar
atmosphere performed by SUMER/SOHO spectrometer and TRACE.
SUMER spectra of Ly § line (1025.4 A), two C11 lines (1036.3 A, 1037.0 A)
and O VI line (1037.61A) were used for determination of the spatial
and temporal evolution of the transient event in the transition re-
gion. TRACE images taken in Lya line (1216A), UV continuum
(1700 A) and Feix line (171 A) were utilized in order to gain infor-
mation about large-scale coronal structures and small-scale chromo-
spheric variability in the vicinity of the transient event. The main
physical and geometrical parameters of the event were derived for the
transition region O VI line: the spatial extent of 11000 km, duration
for 9 minutes, intensity enhancement factor of 7 and the Doppler ve-
locities of both signs up to 15km/s. According to these values the
event was identified as a transition region blinker. The specific com-
pensation of the solar rotation in steps for about 0.38” and the slit
width (0.3”) of the SUMER spectrometer with high temporal cadence
(15s) allowed to analyze the blinker with high resolution in spatial
extent and time. Changes of the spectral parameters were caused by
the slit displacements and the physical conditions in plasma. High
deviations of the acquired O V1 line profiles from singe-Gaussian and
some multi-Gaussian profiles reveal dynamics of the event - occurence
of the bi-directional jet which is not typical for blinkers. Besides rapid
changes of the intensity and the velocity changes increase of width of
O 1 line were found up to 0.4, as well. Surrounding chromospheric
and coronal structures around the event are discussed on base of the
simultaneously taken TRACE images.
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On relations of the calibrated parameters of the transition region
spectral line

J. Rybdk (1), A. Kucera (1), W. Curdt (2), H. W6hl (3)
(1) Astronomical Institute of the Slovak Academy of Sciences
SK-05960 Tatranska Lomnica, Slovakia
(2) Max-Planck-Institut fiir Aeronomie,

D-37191 Katlenburg-Lindau, Germany
(3) Kiepenheuer-Institut fiir Sonnenphysik,

D-79104 Freiburg, Germany

Abstract

SUMER/SOHO measurements of the transition region emission
line O v line 1031.93A (280000 K) in the network and internetwork
are used for a statistical analysis of the calibrated spectral parameters:
the central line intensity (energetic units), the line width (mA) and
the Doppler shift (km/s). A detail procedure is performed in order
to determine the correct zero point of the Doppler shift scale using
the simultaneously observed chromospheric lines of O1. The spectral
parameters of the O vl line are derived for both single and double
Gaussian fitting of the line profiles according to the latest findings
on the multi-component nature of the transition region line profiles.
Effects of two classes of the transition region transient events — ex-
plosive events and blinkers — are discussed in relation to the over-
all dependences of the spectral parameters. Possible consequences of
these statistical dependences for dynamics of the transition region are
outlined.
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Shock wave driven by a bubble travelling with high speed along
an expanding loop

N.-E. Raouafi (1), S. Mancuso (2) & S. K. Solanki (1)
(1) Max-Planck-Institut fiir Aeronomie, Max-Planck-Str. 2
37191 Katlenburg-Lindau, Germany
(2) Instituto Nazionale di Astrofisica (INAF)
Osservatorio Astronomico di Torino, I-10025 Pino Torinese, Italy

Abstract

We report on a Coronal Mass Ejection (CME) observed on June 27
1999 by the UltraViolet Coronagraph Spectrometer (UVCS) telescope
operating on board the SOHO spacecraft. The CME was also observed
by the Large Angle Spectroscopic Coronagraph (LASCO). Emission
of hot material has been recorded by UVCS propagating in front of
an opening system of loops generated by the CME. The evolution
of the UVCS structure is highly correlated to the evolution of the
opening loop. The data reveal excess broadening of the O vi doublet
lines and an enhancement in the intensity of the Si x11 A520.66 and
A499.37 lines due to the motion of the expanding hot gas. The hot
gas emission seems to be due to a shock wave propagating in front of
a very fast gas bubble travelling along the opening loop system.
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Transient phenomena in a coronal hole and its borders registered

by SUMER and EIT on-board SoHO

M.S. Madjarska (1) & J.G. Doyle (2)
(1) Mullard Space Science Laboratory, University College London,
Holmbury St Mary, Dorking, Surrey RH5 6NT (UK)
(2) Armagh Observatory, College Hill,
Armagh BT61 9DG (Northern Ireland)

Abstract

We present a study on an equatorial coronal hole registered by
SUMER and EIT on-board SoHO. SUMER observations in Ne VIII
and N 1v have been analysed. The 10 hours continuous sit-and-stare
mode observations permit a detailed analysis on transient phenomena
in the coronal hole as well as on its borders. The simultaneous high-
resolution EIT observations show the evolution of the coronal hole in
great detail.
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Radiance emission by flaring activity

A. Pauluhn (1) & S. K. Solanki (2)
(1) International Space Science Institute,
CH-3012 Bern (Switzerland)

(2) Max-Planck Institut fiir Aeronomie,
D-37191 Katlenburg-Lindau (Germany)

Abstract

Radiance values in the quiet Sun follow a lognormal distribution,
with shape and scaling parameters varying significantly over the tem-
perature range from chromosphere to corona. We show that these
distributions can be reproduced by a simple model, which assumes
that the radiance is produced by a stochastic (micro-, nano-) flaring
process. This allows the diagnostic capabilities of the radiance distri-
bution to be judged, performing, e.g., estimates of the true damping
times of the flares. Several energy distributions are tested for the
flaring process: constant, Gaussian and a power law. The resulting
time series are compared with SUMER time series of equivalent sam-
pling, after adjustment of the parameters of the simulation. A good
statistical match of the measurements is obtained.
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Transition region explosive events and their relation to the solar
magnetic field

K. Muglach (1) & K. Dere (1)
(1) Naval Research Laboratory
Washington, DC, 20375 (USA)

Abstract

We present a preliminary analysis of a comparison of explosive
events as observed in transition region (TR) spectral lines with SUMER
with the spatial evolution of the corona as represented by EUV images
of TRACE and the photospheric magnetic field as measured by MDI.
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Coordinated SOHO and TRACE observations of solar polar jets

D. Dobrzycka, J. C. Raymond & E. E. De Luca
(CFA, Harvard,(USA)

Abstract

The solar polar jets are spectacular dynamic events originating in
the flaring ultraviolet bright points within the polar coronal holes.
They were originally observed by SOHO instruments (EIT, LASCO)
during the last solar minimum in 1996 when the polar holes were
the dominating coronal structures. UVCS/SOHO obtained ultraviolet
spectroscopy of the jets providing us with the estimates for the jet
plasma conditions, the evolution of the electron temperature and the
heating rate required to reproduce the observed ionization state.

As the Sun is currently at the declining phase of its activity, the
polar holes are again becoming permanent structures. The coordi-
nated SOHO and TRACE observations were designed to identify and
study the jet phenomena that would be the counterparts to the solar
minimum polar jets.

We present the first results of the campaign. We discuss the dy-
namics of the recorded events and the preliminary results of the anal-
ysis of the jet plasma conditions. We also compare their properties
with the polar jets observed during the last solar minimum.
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Oscillations in coronal EUV bright points

I. Ugarte-Urra, J.G. Doyle, M.S. Madjarska (1)
& E. O’Shea (2)
(1) Armagh Observatory. College Hill.
Armagh BT61 9DG (N. Ireland)
(2) Instituto de Astrofisica de Canarias. C/ via Lactea s/n.
38200 La Laguna. Tenerife (Spain)

Abstract

The wavelet analysis of intensity variations of coronal EUV bright
points, observed with SUMER and CDS (SoHO), in chromospheric,
transition region and coronal lines has shown an oscillatory behaviour
with periods of 400-600 sec. and 1000 sec. This intensity changes
are correlated with electron density changes in the transition region.
Preliminay results of JOP 166 (CDS-MDI-TRACE) to be run in July
2003 will also be presented.
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Invited Review: Theoretical aspects of wave acceleration in open
magnetic structures

L. Ofman
Catholic University of America
NASA GSFC Code 682
Greenbelt, MD 20771
USA

Abstract

Theoretical studies of the solar wind outflow in open magnetic
structures motivated by SOHO observations indicate that both, high
frequency ion-cyclotron waves and low frequency MHD waves play a
role in the acceleration and heating of the solar wind plasma. In par-
ticular, the high temperature anisotropy of O°% ions deduced from
SOHO UVCS observations suggests that resonant heating due to ion
cyclotron waves is important in minor ions. However, there are the-
oretical difficulties with the ion-cyclotron wave heating model of pro-
tons. The low-frequency waves are required to transport energy and
to accelerate the solar wind on large scales. In addition, the source
of electron heating is still an open question. I will review some of the
recent wave heating models of the fast solar wind that rely on low
frequency (MHD) and high frequency (kinetic) waves. 1 will discuss
the 3-fluid model, that describes electrons, protons, and minor ions as
three coupled fluids. This description allows to model different prop-
erties and heating processes for each particle species and to model the
high temperature of the minor ions in accordance with observations.
I will review the results of 2.5D 3-fluid, simulations of the solar wind
plasma that combine the effects of MHD waves self-consistently, and
ion-cyclotron waves parametrically as the sources of energy. 1 will re-
view the results of hybrid kinetic models of ion-cyclotron wave heating
of the minor ions.
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Invited Review: Observational Aspects of Wave Acceleration in
Open Magnetic Regions

S. R. Cranmer
Harvard-Smithsonian Center for Astrophysics,

Cambridge, MA 02138, USA

Abstract

This presentation reviews the latest observational evidence for the
existence of propagating waves in the open magnetic flux tubes of
the solar corona. SOHO measurements have put tentative limits on
the fluxes of various types of magnetohydrodynamic (MHD) waves in
the acceleration region of the solar wind. Also, continually improving
measurements of fluctuations at larger distances (i.e., in-situ detection
and radio scintillation) continue to provide significant constraints on
the dominant types of plasma oscillation throughout the corona and
wind. The dissipation of MHD fluctuations of some kind, probably
involving anisotropic turbulent cascade, is believed to dominate the
heating of the extended corona. Spectroscopic observations from the
UVCS instrument on SOHO have helped to narrow the field of pos-
sibilities for the precise modes, generation mechanisms, and damping
channels. This presentation will also review some of the collisionless,
kinetic aspects of wave heating and acceleration that are tied closely
to the observational constraints.
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A study of transition region and coronal Doppler shifts in a solar
coronal hole

M. D. Popescu (1, 2) & J. G. Doyle (1)
(1) Armagh Observatory,
College Hill, Armagh BT61 9DG (N. Ireland)
(2) Astronomical Institute of the Romanian Academy,

RO-75212 Bucharest 28, (Romania)

Abstract

We present a study of a high spatial resolution raster scan taken on-
disk with SUMER in a Polar Coronal Hole region. We have analysed
the line shifts and widths of two EUV emitting ions, O 111 (703.87 A)
and Mg TX (706.02 A). Our results constitute the lowest precise indica-
tion of fast wind streams seen originating from the network boundaries
in the transition region.
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Acceleration of the fast solar wind through minor ions

Xing i
Department of Physics,
University of Wales, Aberystwyth, SY23 3BZ, UK

Abstract

It is assumed that magnetic flux tubes are strongly concentrated
at the boundaries of supergranule convection cells. A power law spec-
trum of high frequency Alfvén waves with a spectral index —1 orig-
inating from the sun is assumed to supply all the energy needed to
energize the plasma flowing in such magnetic flux tubes. At the high
frequency end, the waves are eroded by ions due to ion cyclotron res-
onance. The magnetic flux concentration is essential since it allows
a sufficiently strong energy flux to be carried by high frequency ion
cyclotron waves and these waves can be readily released at the coronal
base by cyclotron resonance. The main results are: 1. The waves are
capable of creating a steep transition region, a hot corona and a fast
solar wind if both the wave frequency is high enough and the magnetic
flux concentration is sufficiently strong in the boundaries of the super-
granule convection zone. 2. By primarily heating alpha particles only,
it is possible to produce a steep transition region, a hot corona and
a fast solar wind. Coulomb coupling plays a key role in transferring
the thermal energy of alpha particles to protons and electrons at the
corona base. The electron thermal conduction then does the remain-
ing job to create a sharp transition region. 3. Plasma species (even
ions) may already partially lose thermal equilibrium in the transition
region, and minor ions may already be faster than protons at the very
base of the corona. 4. The model predicts high temperature alpha
particles (7, ~ 2 x 107K) and low proton temperatures (7, < 10°K)
between 2 and 4 solar radii, suggesting that hydrogen Lyman lines
observed by UVCS above coronal holes may be primarily broadened
by Alfvén waves in this range.
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Dynamics and properties of Coronal funnels

Tayeb Aiouaz
Kiepenheuer Insitut fuer Sonnenphysik,
Schoeneckstrasse 6 79104 Freiburg (Germany)

Abstract

We present and discuss results of a 2D, Full MHD, time dependant,
study of coronal funnels using a model that includes the high chromo-
sphere, the transition region and the low corona. Plasma flow out of
coronal funnels is investigated with a flux-tube model. The funnel-like
configuration is defined by the magnetic field which is derived from
an analytical 2-) magnetic field model(Hackenberg et al.,2000). The
funnel is approximately 10 Mm high and 20 Mm wide. The plasma
in the funnel is treated with one-fluid equations including the energy
equation. We adjust the parameters to the quantities measured in the
lower solar corona (100 000 km above the photosphere) by SUMER
data onboard SOHO . We obtained 2D plasma properties (e.g. density,
temperature, flow speed) within the funnel.
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Ion heating across the magnetic field in the solar corona

Y. Voitenko (1,2) & M. Goossens (1)
(1) Centre for Plasma Astrophysics (K.U. Leuven)
Celestijnenlaan 200B, 3001 Heverlee, Belgium
(2) Main Astronomical Observatory (NASU),
27 Akademika Zabolotnoho St., 03680 Kyiv, Ukraine

Abstract

The perpendicular heating of the ions observed by SOHO in the
solar corona has been mainly attributed to the ion-cyclotron damping
of high-frequency Alfvén waves. We investigate an alternative possi-
bility that the dissipation range is formed by the Alfvén waves that
are short-wavelength across the magnetic field - kinetic Alfvén waves
(KAWSs). The energy reservoir is provided by low-frequency large-
scale MHD) waves that are launched in the corona by the photospheric
motions or excited at the coronal base by magnetic restructuring. The
short perpendicular wavelengths can be developed by phase mixing,
converting MHD Alfvén waves into KAWs, or KAWSs can be excited
in situ linearly or nonlinearly. Dissipative mechanisms become signifi-
cant for KAWs with sufficiently short perpendicular wavelength. Here
we focus on the dissipative effects due to finite KAWs amplitude. We
show that above a threshold value of the amplitude KAWSs can stochas-
tically accelerate ions in the direction perpendicular to the background
magnetic field. In particular, KAWs with transversal wavelengths of
the order of the proton gyroradius and with a wave/background mag-
netic field ratio larger than 0.005, are accessible for the stochastic
heating of oxygen ions. We discuss advantages of this mechanism over

the ion-cyclotron heating scheme for the intense transverse heating of
ions observed by SOHO at 2-4 solar radii.
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Signatures of MHD waves in polar coronal hole regions

E. O’Shea (1) & D. Banerjee (2)

(1) Instituto de Astrofisica de Canarias,
C/ Via Lactea s/n, 38200 La Laguna,
Tenerife, The Canary Islands (Spain)

(2) Centre for Plasma Astrophysics,
Katholieke Universiteit Leuven,
Celestijnenlaan 200B, 3001 Heverlee, Belgium

Abstract

We examine long spectral time series of polar coronal holes ob-
served with the Coronal Diagnostic Spectrometer (CDS) on-board
SoHO. The observations were obtained in lines at transition region
and coronal temperatures. In this work we report on the presence of
long period oscillations, indicating the presence of waves with periods
of 20 mins. or longer.
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Observational constraints on ion acceleration by waves in coronal
holes

L. D. Xia & E. Marsch
Max-Planck-Institut fiir Aeronomie,

D-37191 Katlenburg-Lindau (Germany)

Abstract

The relationships between the deduced parameters of the coronal
emission line of Mg X at 625 A (with a formation temperature of
about 1 MK) as observed by SUMER and the underlying magnetic
field as measured by NSO/Kitt Peak have been investigated. It has
been found that the line widths deduced from the Mg X line in dif-
ferent equatorial coronal holes show a clear trend to increase with the
increasing underlying magnetic field strength (signed). Evidence for
preferential heating and acceleration of heavy ions very near the Sun
had previously been found in observations with UVCS and SUMER
aboard SOHO. This suggests that dissipation of high-frequency Alfvén
waves in coronal funnels may be a prime candidate for the heating of
the magnetically open corona. Following this reasoning, our result
seem to indicate that the wave-mechanical energy flux correlates with
the strength of the magnetic field in coronal holes. Moreover, the
spectroscopically obtainable quantity vv/T (with the intensity scaling
like I ~ n?), which is used here as a proxy for the coronal mass flux
of the nascent fast solar wind, also reveals a clear positive correlation
with the magnetic field strength. If this estimation of the mass flux
(and its ratio between different holes) can be trusted, we could inter-
pret our results as evidence that the mass flux is directly associated
with the net magnetic flux density in a coronal hole.
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A search for signatures of preferential heating by ion cyclotron
waves in the low Corona

L. Dolla, P. Lemaire & J. Solomon
Institut d’Astrophysique Spatiale,
Unité Mixte CNRS-Université Paris Sud,
91405 Orsay Cedex, France.

laurent.dolla@ias.u-psud.fr

Abstract

Pointing above the limb at the South Pole in May 2002 (MEDOC
Campaign #9), with SUMER, we measure the width of more than
twenty coronal ion lines. Assuming the same so-called “unresolved
velocity” £ for each ion, we derive the ion temperature, and plot it
as a function of the ion charge-to-mass ratio. A heating of the minor
ions in the corona, by way of ion cyclotron resonance, could result in a
larger temperature for the ions presenting a lower charge-to-mass ratio
(provided that their cooling time by the protons is not shorter than
the heating time). Such signature is apparent in our data, if we set
the unresolved velocity to a low value (< 15 km.s™'), but this effect
may be primarily due to our data set : among the lines available in the
SUMER spectral range, the lower charge-to-mass ratios are correlated
with the larger masses, thus implying a larger influence of the value of ¢
on the derived temperature. Setting a larger value for £, all ions tend
to have the same temperature (within the error bars), except Fe X
(with the lower charge-to-mass ratio), which still presents a larger
temperature for &€ = 25 km.s™'. Consequently, the uncertainty on the
value of the unresolved velocity prevent from concluding hastily on
the existence of a signature of preferential heating.
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Invited Review: Theoretical aspects of MHD coronal seismology

V.M. Nakariakov
Physics Department,
University of Warwick, Coventry, CV4 7AL, U.K.

Abstract

MHD coronal seismology is a binary science based upon a delicate
interplay of its observational and theoretical components. In the re-
view, current trends in the development of the theoretical component
are discussed. The topics covered are the modelling of global modes
of coronal loops, in particular, processes responsible for their decay;
theory of propagating fast and slow magnetoacoustic wave trains; and
global coronal waves. The role of structuring, nonlinearity and non-
ideal effects is discussed. The possibility of seismological determina-
tion of magnetic fields, transport coefficients, sub-resolution structur-
ing and heat deposition positioning is demonstrated.
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Invited Review: Coronal loop oscillations: Overview of recent
results

T. J. Wang, S. K. Solanki, W. Curdt, & D. E. Innes
Max-Planck Institut fiir Aeronomie,

D-37191 Katlenburg-Lindau, Germany

Abstract

Recent observations by high-resolution space imaging telescopes
have revealed a variety of coronal oscillation modes. Now, in addition
to radio observations of fast sausage mode oscillations, evidence ex-
ists for transverse kink-mode oscillations and propagating longitudinal
waves in coronal loops detected by TRACE and SOHO/EIT. More
recently, SOHO/SUMER discovered standing slow magnetoacoustic
waves in hot coronal loops through Doppler shift measurements. We
present overviews and comparisons of physical properties of different
oscillation modes, and discuss their triggers and dissipation mecha-
nisms. The application of coronal seismology models constrains the
coronal magnetic field strength and dissipation efficiency, vital param-
eters for our understanding of coronal energy transport mechanisms.
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Observations and theory of longitudinal waves in coronal loops

I. De Moortel (1), A. W. Hood (1) & B. De Pontieu (2)
(1) School of Mathematics and Statistics, University of St Andrews,
North Haugh, St Andrews, KY16 9SS, Scotland
(2) Lockheed Martin Solar & Astrophysics Lab, Departement L9-41,
Bldg. 252, 3251 Hanover St., Palo Alto, CA 94304, US

Abstract

High cadence TRACE observations show that outward propagating
intensity disturbances are a common feature in large, quiescent coro-
nal loops, close to active regions. An overview is given of measured
parameters of such longitudinal oscillations in coronal loops. The
observed oscillations are interpreted as propagating slow magneto-
acoustic waves and are unlikely to be flare-driven. A basic magnetic
field extrapolation is used to estimate the local geometry of the mag-
netic field. A theoretical model of slow magneto-acoustic waves, incor-
porating the effects of gravitational stratification, the magnetic field
geometry, thermal conduction and compressive viscosity is presented
to explain the very short observed damping lengths. The results of
these numerical simulations are compared with the TRACE observa-
tions. Preliminary results indicate that the magnetic field geometry
plays an important role.
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Coupled fast and Alfvén MHD waves in sheared coronal arcades

I. Arregui, R. Oliver & J. L. Ballester
Departament de Fisica, Universitat de les Illes Balears,

E-07122 Palma de Mallorca, Spain

Abstract

The magnetohydrodynamic (MHD) normal modes of oscillation of
sheared coronal arcades including longitudinal wave propagation are
studied. The wave equations for coupled fast and Alfvén modes in the
cold plasma limit have been solved numerically using flux coordinates
so that the curved magnetic structure is transformed into a straight
field configuration. Our numerical code provides us with solutions in
the form of the two-dimensional distribution of the perturbed velocity
components together with the oscillatory frequency. Solutions have
been computed in order to ascertain the effects of the longitudinal
magnetic field component, By, and of the longitudinal propagation,
ky. Our results show that whenever B, # 0 and/or k, # 0 fast modes,
characterized by a global velocity structure and a discrete spectrum of
frequencies, and Alfvén continuum modes, characterized by a velocity
perturbation confined to given magnetic surfaces, get coupled and
no pure fast modes nor pure Alfvén modes exist, but modes with
mixed properties arise. As a consequence, the spatial structure of
the resulting oscillatory modes is characterized by a global spatial
distribution together with a non-square integrable singular behavior
on certain magnetic surfaces. Under certain circumstances, moreover,
this mode coupling is such that the Alfvénic contribution is also in the
form of a smooth velocity profile covering a range of magnetic surfaces
instead of a singularity on a fixed magnetic surface. It turns out that
the coupling between fast and Alfvén modes is governed by the parity
of their eigenfunctions in the direction along the equilibrium magnetic
field. The “parity rules” determining the features of coupled modes
in terms of their parity, £, and B, are presented.
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3D MHD simulations of the interaction of fast magnetosonic
waves and coronal active regions

J. Terradas & L. Ofman
The Catholic University of America
NASA-Goddard Space Flight Center
Code 682, Greenbelt, MD 20771 (USA)

Abstract

We present a three-dimensional MHD simulation of the local inter-
action between fast magnetoacoustic waves and coronal active regions.
In order to have a realistic simulation, the active region magnetic field
is calculated from the extrapolation of photospheric magnetograms.
We include density profile for the 3D plasma flux tubes to simulate
the loops in the active region. The corona is assumed to be isother-
mal and resistive dissipation is included in the model. We compare
the main features of the simulated wave with a wave observed with
the Transition Region and Coronal Explorer (TRACE). We find that
many aspects of the simulation match the observations. In particular,
we show how the wave’s trajectory is modified, undergoing strong re-
flection and refraction away from the active region. We also show how
the individual loops oscillate due to the interaction with the traveling
wave. Finally, we discuss how we can use the simulations as a tool to
understand the three-dimensional topology of active regions in antic-
ipation of the STEREQO mission. The stability of active regions and
its relation with Coronal Mass Ejections is also analyzed.
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Propagation of EIT Waves in Observations at Multiple
Temperatures

D.A. Biesecker (1) B.J. Thompson (2) & S. Hill (1)
(1) NOAA Space Environment Center
325 Broadway
Boulder, CO 80305
(2) NASA Goddard Space Flight Center,
Mail Code 682.3
Greenbelt, MD 20771

Abstract

EIT waves, so named because of their discovery in SOHO/EIT
data, are a global wave phenomena, propagating in the corona. They
appear to be intimately related to coronal mass ejections and also
to classical Moreton waves. Models have demonstrated that the EIT
wave is an MHD fast mode wave. Thus far, most studies of EIT
waves have been limited to the EIT 195Abandpass, corresponding to
plasma at T = 1.6MK. Another limiting factor has been the cadence
with which EIT images are taken. The SXI instrument on GOES-12
images the Sun over a broader range of temperatures, at a cadence at
least as fast as EI'T. We will investigate the propagation speed of EIT
waves as a function of temperature (and thus altitude). In this paper
we will present a selection of EI'l' waves observed with both SXI and
EIT since January, 2003.
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Short Period Fast Waves in Solar Coronal Loops

F.C. Cooper (1) & V.M. Nakariakov (1) & D.R. Williams (2)
(1) Physics Department, University of Warwick, Coventry, CV4 7TAL, UK
(2) MSSL, University College London, Dorking, Surrey, RH5 6NT, UK

Abstract

Short period fast magnetoacoustic waves propagating along solar
coronal loops, perturbing the loop boundary along the line of sight
(LOS), may be observed by imaging telescopes. The relationship be-
tween the difference in emission intensity, the angle between the LLOS
and the direction of propagation and the wave amplitude and wave-
length, is explored for kink and sausage fast waves. It is shown that
the compressibility of the plasma in the loop affects significantly the
observability of the waves. For both wave types there is an optimal
observation angle which is determined by the ratio of the wave length
and the loop radius. The change of the observational conditions be-
cause of the loop curvature predicts a significant, up to an order of
magnitude, change in the observed wave amplitude. This prediction is
confirmed by the analysis of the evolution of the fast wave train ampli-
tude, observed with the SECIS instrument. The wave train amplitude
experiences a sharp increase and then a decrease along the loop. The
observational results are in a good agreement with the theory.
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Damping of coronal EIT waves as a tool for plasma diagnostics

I. Ballai & R. Erdélyi
Space & Atmosphere Research Centre, Dept. of Applied Mathematics
Univ. of Sheffield, Hounsfield Road, Hicks Building
Sheffield, S3 7TRH, UK

Abstract

Observations with the Extreme-Ultraviolet Imaging Telescope (EIT)
on-board SOHO have revealed the existence of transient coronal waves
generated by an impulsive event (e.g. flare) that propagate across the
visible solar disk over very long distances. The present work aims to
discuss one the most remarkable properties of waves, namely, how to
obtain information about the medium these waves pass through. Ex-
tracting such information from observations (i.e. propagation speed,
attenuation length, dissipation coefficients) we use these waves for
plasma diagnostics, i.e. for global coronal seismology. Applying a
simple coronal model, we find average values of magnetic field at the
propagation height of the EI'T waves, as well as average values for the
viscosity coefficient. Multi-wavelength analysis of EI'T waves is carried
out in order to establish the correspondence of these wave at different
temperatures.
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Damping of loop oscillations in the stratified corona

R. Erdélyi' & Cesar A. Mendoza-Briceno'*

'Space & Atmosphere Research Centre, Dept. of Applied Mathematics
Univ. of Sheffield, Hounsfield Road, Hicks Building
Sheffield, S3 7TRH, UK
“Centro de Astrofisica Teorica, CAT
Facultad de Ciencias, Universidad de los Andes
Merida, Venezuela

Abstract

SOHO and TRACE observations have confirmed the theoretical
predictions by Roberts et al. (1984) almost two solar cycles ago,
namely, coronal loops may oscillate. These oscillations, and in partic-
ular their damping, are of fundamental importance for solar physics
since they can provide diagnostics of the plasma medium. In the
present paper we apply this concept to hot and stratified and non-
isothermal coronal loops observed by e.g. TRACE or SUMER on-
board SOHO. We investigate the effect of stratification on (i) the
damping of standing waves and (ii) on propagating coherent distur-
bances (i.e. basically slow MHD waves). The effect of stratification
results, if we may say so, in an approximate 15-20% of reduction in
damping time for the parameter regime that characterise hot SUMER
or TRACE loops. This is a good news as theoretical speculations
in the literature usually suffer from an over-estimate of the damping
of oscillations caused by e.g. thermal conduction or viscosity in the
non-stratified atmosphere approach.
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Hydrodynamic Simulations of Longitudinal Intensity Oscillations

Observed in Coronal Loops by TRACE

S. E. Tanner(1), J.A. Klimchuk (1),
A. W. Hood(2), I. De Moortel (2)
(1) Naval Research Lab.

(2) Univ. of St. Andrews

Abstract

Propagating intensity disturbances are often observed by TRACE
in large coronal loops located at the perimeters of active regions (e.g.,
De Moortel et al., 2002, Solar Phys., 209, 61). On average, the dis-
turbances have periods of 280 s, propagation speeds of 120 km s~!,
intensity amplitudes of 4%, and surprisingly small damping (detec-
tion) lengths of 9000 km. In addition, there is a positive correlation
between damping length and period. The preliminary interpretation
of these disturbances is that they are rapidly dissipating slow magneto-
acoustic waves.

To investigate this interpretation more rigorously, we have per-
formed a series of detailed coronal loop simulations using our 1D hy-
drodynamic code, ARGOS. We generate waves in the loop by impos-
ing a spatially localized oscillating force at the loop footpoints. We
here report on the results of our study and, in particular, whether the
damping lengths have the properties observed by TRACE.

This work was supported by NASA and ONR.
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Damping of coronal loop oscillations

T. Van Doorsselaere & J. Andries & S. Poedts & M. Goossens
Centre for Plasma Astrophysics
Katholieke Universiteit Leuven, Belgium

Abstract

The analytic study of coronal loop oscillations in equilibrium states
with thin n onuniform boundary layers is extended by a numerical in-
vestigation for fully nonunifor m 1D equilibrium states. The frequency
and the damping time of the ideal kink quasi -mode are calculated in
fully resistive MHD. In this numerical investigation there i s no need
to adopt the assumption of a thin nonuniform boundary layer which
is essentia | for analytic theory. The dependence of the complex fre-
quency of the kink mode on the width of the boundary layer, the
length of the loop and the density contrast between the internal and
the external region is studied and is compared with analytical theory.
When the boundary layer width is varied, differences between the an-
alytically obtained damping rates and the numerical results become
as large as 25%.
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Preliminary results from SECIS observations of the 2001

A.C. Katsiyannis (1), D. R. Williams (2,1),
R.T.J. MAteer (1), F. Murtagh(3),
P.T. Gallagher(4)

(1) Department of Pure and Applied Physics,
Queen’s University Belfast, Belfast, BT7 1NN, U.K.
(2) Mullard Space Science Laboratory,
University College London, Holmbury St. Mary, Dorking,
Surrey, RH5 6NT, U.K.

(3) School of Computer Science, Queen’s University Belfast,
Belfast BT7 1NN, U.K.

(4) L-3 Communications EER Systems Inc.,
NASA Goddard Space Flight Center, Greenbelt,
MD 20771, U.S.A.

Abstract

The Solar Eclipse Coronal Imaging System (SECIS) has been mod-
ified and used to observe the 2001 total Solar Eclipse from Zambia.
A higher signal-to-noise ratio was achieved as a much broader green
filter was used and a new alignment method was applied to the 8000
images taken during observations. T'hose changes led to better quality
data and the authors would like to present some preliminary results
that confirm previous detections of oscillations by SECIS during the
1999 total Solar Eclipse.
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Sunward flows and coronal oscillations: analysis of 21 April 2002
observations of supra-arcade downflows

D. E. Innes & Tongjiang Wang
Max-Planck-Institut fir Aeronomie,

Max-Planck-Str., 2, 37191 Katlenburg-Lindau (Germany)

Abstract

An X1.5 limb flare on 21 April 2002 developed a large supra-arcade
in which TRACE EUV images show dark structures falling toward the
Sun with velocities up to 200 km s™! from heights about 150 Mm above
the solar limb. The falling structures trigger kink mode oscillations
with periods of ~ 5 min in the surrounding plasma. Simultaneous
SUMER spectra of Doppler shift and intensity variations in the ar-
cade loops and infalling structures give (i) precise constraints on the
temperature and density of the infalling plasma, (ii) show 1000 km s~!
Fe XXI line shifts from 107 K plasma, and (iii) Fe XXI Doppler shifts
oscillations associated with the TRACE intensity oscillations.
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Intensity Oscillations of the Coronal X-ray Bright Points

R. Kariyappa (1), Tetsuya Watanabe (2),

B. A. Varghese (1) & Y. Katsukawa (2)
(1) Indian Institute of Astrophysics, Bangalore 560034, INDIA
(2) National Astronomical Observatory, Mitaka, Tokyo, JAPAN

Abstract

The relation of X-ray Bright Points (XBPs) with the underlying
photospheric and chromospheric features is an important issue in un-
derstanding the origin of the footpoints of XBPs and hence to study
the heating of the quiet corona. We have used a long time sequence
of the full-disk soft X-ray images obtained at both low and high tem-
poral resolution with soft X-ray telescope (SXT) of Yohkoh mission
to bring out the differences, if any, in the period of intensity oscilla-
tions associated with XBPs. We derived the energy flux of the XBPs
for the entire sequence and for the XBPs of 10-days observations se-
lected during 1992, 1993 and 1994. The light curves of the XBPs have
been produced. We classified the XBPs into three groups depending
on their emission levels: (i) the quiet XBPs; (ii) less bright XBPs;
and (iii) the very bright XBPs. The power spectrum analysis has
been done using their energy flux values to determine the period of
intensity oscillations. A significant periodic intensity variations with
Fourier transform power peaks have been detected around 8 £ 0.61
hours and 1 + 0.25 hour in the case of low temporal resolution of longer
duration (more than 24 hours) of observations, although there are sec-
ondary peaks with smaller amplitude in power. We conclude that the
XBPs are mainly associated with two kinds of period of oscillations
in their intensity variations, namely the 8 & 0.61 hours and 1 £ 0.25
hour. In comparison among these three regions with different X-ray
emission levels, we have found that the period of intensity oscillations
is similar in all the cases. This can be taken as evidence to argue that
heating mechanism in all the three groups of XBPs is similar. This
confirms the similar argument drawn for the three classes of chromo-
spheric Call K bright points (Kariyappa, 1996, 1999 and 2002). The
analysis of high temporal resolution with a shorter duration (about 2
hours and 30 minutes) of observations of XBPs show that they exhibit
a shorter periodicity of 6-7 min in their intensity variations, although
this is not seen in the longer duration of observations due to the low
temporal resolution.
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Inductive interaction of coronal currents as a possible source for
magnetic loops oscillations in solar active regions

M.L. Khodachenko & H.O. Rucker,
Space Research Institute, Austrian Academy of Sciences,

Schmiedlstrasse 6, A-8042 Graz, Austria .

Abstract

Inductive interaction of longitudinal currents in groups of slowly
growing magnetic loops is considered. Each loop is modelled by an
equivalent electric circuit with variable resistance and inductive coeffi-
cients. These parameters of the electric circuit are defined by geometry
and position of the loop with respect to neighbouring loops, as well as
on the plasma temperature and density in the magnetic tube. Pon-
deromotoric interaction of the electric circuits of the current-carrying
magnetic loops is studied. Possible dynamics and conditions for stabil-
ity of the interacting magnetic loops are considered. Special attention
is paid to the possibility of oscillations or fast change of an inclination
of the loops, which could result in their coalescence and reconnection.
The main characteristics of the oscillatory dynamics of a loop were
calculated and compared with the observed ones.

119



Slow nonlinear waves in solar corona: exact analytical theory

Y. D. Zhugzhda,
[ZMIRAN, Troitsk, Moscow region, 142190 Russia

Abstract

It is shown, that the current theory of slow waves suffers from
shortcomings and confusions. All considerations of weakly nonlinear
waves in solar corona are based on wrong or very crude approximations
of the dispersion of slow waves. The theory of weakly nonlinear waves
based on the exact dispersion relation is developed. New nonlinear
equation and its exact analytical solution is presented. The conditions
of the appearance of slow shocks in the corona are discussed. The
observations of slow waves in solar corona are discussed.
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Hot coronal loop oscillations observed with SUMER: Advanced
modeling

D. Tsiklauri (1), V.M. Nakariakov (1),
M.J. Aschwanden (2), & T.D. Arber (1)
(1) Physics Department, University of Warwick,
Coventry, CV4 TAL, England, UK;
(2) Lockheed Martin, Advanced Technology Center
Solar & Astrophysics Lab, Dept. 1.9-41, Bldg.252
3251 Hanover Street, Palo Alto, CA 94304, USA

Abstract

We perform advanced numerical modeling of hot coronal loop os-
cillations observed with SUMER using 1D loop hydrodynamic model,
that incorporates the effects of gravitational stratification, heat con-
duction, radiative losses, added external heat input, presence of He-
lium, and Braginskii viscosity. I'he model also takes into account pres-
ence of the the transition region and dense chromosphere. Previously,
these oscillations have been identified as standing slow magnetosonic
waves. A number of issues such as the wave excitation mechanisms
and observed propagating Doppler shifts, which were not explained
by other recent models, are addressed.
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Coronal Seismology by MHD Autowaves

A. Kelly & V. M. Nakariakov
Department of Physics,
University of Warwick,

UK.

Abstract

Slow magnetoacoustic waves are routinely observed in solar coronal
structures. These waves can be strongly affected by non-adiabatic ef-
fects leading to self-organising compressible propagating disturbances
- magnetoacoustic autowaves. These are waves which have parameters
independent of the excitation that are determined by the parameters
of the medium only and, consequently, are potentially an ideal tool
for coronal seismology. The influence of non-adiabatic effects is stud-
ied and magnetoacoustic autowaves are modelled with the extended
Burgers equation. A numerical code is developed to study the evolu-
tion of such waves and a parametric study is carried out. Observable
parameters of coronal magnetoacoustic autowaves could provide a tool
for the determination of heat deposition mechanisms in the corona.
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Fast Magnetohydrodynamic oscillations in coronal loops with
heating profiles

A. J. Diaz, R. Oliver and J. L.. Ballester
Departament de Fisica,

Univ. Illes Balears, E-07122 Palma de Mallorca, Spain

Abstract

Loop oscillations have been abundantly reported during the last
few years. Using an isobaric and thermal equilibrium with different
heating functions, a density profile for a loop is derived, and then its
oscillatory modes are studied. The main result is that the frequency
and spatial structure of the trapped modes are very sensitive to varia-
tions of density inside the loop, specially in the appex, which depends
strongly on the footpoint density and the ratio of heating to thermal
conduction. Moreover, different tested heating profiles give more or
less the same results that for the case of constant heating all along the
loop.
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Non adiabatic MHD waves in the Solar Corona

M. Carbonell (1), R. Oliver (2) & J. L. Ballester (2)
(1) Departament de Matematiques i Informatica,
Univ. Illes Balears, E-07122 Palma de Mallorca (Spain)

(2) Departament de Fisica,
Univ. Illes Balears, E-07122 Palma de Mallorca (Spain)

Abstract

Nowadays, the presence of oscillations in solar coronal structures
is well known from ground-based and space observations. To explain
these reported oscillations, many theoreticals models based on lin-
ear and adiabatic MHD waves have been set-up. However, although
it can provide with a further explanation for the damping of oscil-
lations, the non-adiabatic regime has been poorly explored. In this
paper, we study the time damping of magnetoacoustic waves when
the adiabaticity assumption has been removed by means of an energy
equation which includes radiative losses (optically thin), thermal con-
duction and heating. For sake of simplicity, this study has been done
for a homogeneous, isothermal and unbounded medium permeated
by a horizontal and uniform magnetic field, then, by modifying the
physical parameters of the medium, temperature and density, several
different regimes can be studied. Here, we have paid special atten-
tion to the cases akin to coronal, prominence-corona transition region
(PCTR) and prominence conditions, and for these regimes, we have
gathered information about the period, damping time and damping
per period of linear nonadiabatic magnetoacoustic waves.
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3D numerical simulations of impulsively generated MHD waves in
solar coronal loops

M. Selwa (1), K. Murawski (1), G. Kowal (2),
V. Nakariakov (3), M. Aschwanden (4), R. Oliver (5), &
J. L. Ballester (5)
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(2) Astronomical Observatory, Jagiellonian University, ul. Orla 171, 30-244
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(3) Physics Department, University of Warwick, Coventry, CV4 TAL (UK)

(4) Lockheed Martin, Advanced Technology Center Solar & Astrophysics
Lab, 3251 Hanover Street, Palo Alto, CA 94304 (USA)

(5) Departament de Fisica,

Univ. Illes Balears, E-07122 Palma de Mallorca (Spain)

Abstract

Impulsively generated magnetohydrodynamic waves in solar coro-
nal loops are studied by numerical means with a use of the three-
dimensional FLASH code. Our results reveal that all kinds of MHD
modes excited exhibit distinctive time signatures which are collected
at a detection point inside a loop. An interaction between MHD waves
as well as various wave excitation mechanisms lead to complex time
signatures which are strongly influenced by wave excitation mech-
anism and contain seismological information about the loop cross-
section structure. We discuss also the observational detectability of
such MHD waves in optical, radio, and soft X-ray wavelenghts.
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SUMER observations of heating and cooling of active region loops

W. Curdt (1), T.J. Wang (1), B.N. Dwivedi (1,2), B. Kliem (3)
& LE. Dammasch (4)
(1) Max-Planck-Institut fiir Aeronomie,
37191 Katlenburg-Lindau, (Germany)
(2) Department of Applied Physics,
Banaras Hindu University, Varanasi-221005, (India)
(3) Astrophysikalisches Institut Potsdam,
An der Sternwarte 16, 14482 Potsdam, (Germany)
(4) Mullard Space Science Laboratory, UCL,
Holmbury St. Mary, Dorking, Surrey RH5 6NT, (UK)

Abstract

High-velocity events observed by SUMER in hot EUV lines are
known to trigger loop oscillations. Apart from the inference of phys-
ical parameters in the solar corona, these observations also carry the
signatures of heating and cooling of coronal loops. We present the
light curves for various highly-ionized ions which were simultaneously
observed during and after the trigger. Even though the majority of
SUMER events occurs on subflare level, it is clear that the heating
is impulsive and drives the plasma to a very high temperature of up
to 10 MK within minutes. During the cooling phase, however, we
find the plasma in gradually decreasing ionization stages which im-
plies that the entire loop system involved in such events is basically in
the isothermal state. Such events may also help in our understanding
of mass supply and energy transport in the corona.
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Time-Frequency analysis of quasi-periodic signals

I. De Moortel, S. Mundie & A.W. Hood
School of Mathematics and Statistics, University of St Andrews,
North Haugh, St Andrews, KY16 9SS, Scotland

Abstract

In recent years, the analysis of quasi-periodic signals observed by
satellites such as SOHO and TRACE has become increasingly impor-
tant. So far, mostly standard methods have been used, such as Fourier
analysis to identify the dominant frequencies and wavelet analysis,
which has the advantage of providing the time localisation of the var-
ious frequency components. We compare the temporal and frequency
resolution of different ‘time-frequency’ methods. In particular, the
usefulness and robustness of wavelet analysis is investigated by vary-
ing the different parameters which characterise the ‘mother’ wavelet.
Both simple harmonic functions and intensity oscillations observed by
TRACE are used to demonstrate the various advantages and disad-
vantages of the different methods.
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Application of EMD and CEOF techniques to the analysis of
coronal oscillations

J. Terradas (1), R. Oliver (2) & J. L. Ballester (2)
(1) The Catholic University of America,
NASA-Goddard Space Flight Center,

Code 682, Greenbelt, MD 20771 (USA)

(2) Departament de Fisica,
Univ. Illes Balears, E-07122 Palma de Mallorca (Spain)

Abstract

In this work, we investigate the application of two different tech-
niques to temporal coronal signals. The first technique is used to de-
compose a signal in its characteristic time scales, and the second one is
designed to identify the dominant spatial and temporal structures in
a multivariate data set in order to analyze propagating features that
can be associated with waves. The Empirical Mode Decomposition
(EMD) method was developed by Huang et al. (1998) and can be
used to decompose a signal in its intrinsic time scales allowing, among
others, to filter the signal efficiently. On the other hand, the Complex
Empirical Orthogonal Function (CEOF) analysis is an extension of
the usual Principal Component analysis in which the Hilbert trans-
form has been added, allowing for an effective detection of propagating
features. Some results of the application of both methods to different
solar coronal structures are presented here.
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Observational Tests of Damping by Resonant Absorption in
Coronal Loop Oscillations

M.Aschwanden', J.Andries?, M.Goossens?, and T.VanDoorsselaere?
') Lockheed Martin, Solar & Astrophysics Laboratory, Palo Alto (USA),
?) Centre for Plasma Astrophysics, K.U.Leuven (Belgium)

Abstract

One of the proposed damping mechanisms of coronal (transverse)
loop oscillations in the kink-mode is resonant absorption as a result
of the Alfvén speed variation at the outer boundary of coronal loops.
Analytical expressions for the period and damping time exist for loop
models with thin non-uniform boundaries. They predict a linear de-
pendency of the ratio of the damping time to the period on the thick-
ness of the non-uniform boundary layer. Ruderman and Roberts used
a sinusoidal variation of the density in the non-uniform boundary layer
and obtained the corresponding analytical expression for the damping
time. Here we measure the thickness of the non-uniform layer in os-
cillating loops for 11 events, by forward-fitting of the cross-sectional
density profile n.(r) and line-of-sight integration to the cross-sectional
fluxes F(r) observed with TRACE 171 A. This way we model the in-
ternal n; and external electron density n. of the coronal plasma in
oscillating loops. This allows us to test the theoretically predicted
damping rates for thin boundaries as function of the density ratio
X = n./n;. Since the observations show that the loops are fully non-
uniform we also use numerical results for damping rates to determine
the value of y for the loops. We find that the density ratio predicted by
the damping time, xr,rp4 = 0.53 £ 0.12, is about a factor of 3.0 £ 2.1
higher than the density ratio estimated from the background fluxes,
X = 0.23 + 0.11. The lower densities modeled from the background
fluxes are likely to be a consequence of the neglected hotter plasma
that is not detected with the TRACE 171 A filter, as well as due
to the neglect of the FIP-effect for relative iron enhancement in the
oscillating loops. Taking these corrections into account, resonant ab-
sorption is consistent with the observed damping times of kink-mode
oscillations and provides a new density diagnostic in the environment
of oscillating loops.
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Oscillations of coronal loops with elliptic cross-sections

M.S. Ruderman & R. Erdélyi
Space & Atmosphere Research Centre, Dept. of Applied Mathematics
Univ. of Sheffield, Hounsfield Road, Hicks Building
Sheffield, S3 7TRH, UK

Abstract

Motivated by the Transition Region and Coronal Explorer (TRACE)
observations of damped oscillations in coronal loops, Ruderman &
Roberts [2002, ApJ, 577, 475] studied resonant damping of kink oscil-
lations of thin straight magnetic tubes in a cold plasma. We extend
their analysis for magnetic tubes with elliptic cross-sections. We found
that there are two kink modes: one polarized along the small and the
other polarized along the large axis of the elliptic cross-section. kor
moderate values of the ratio of the axis of the elliptic cross-section the
damping time of the two kink modes due to resonant absorption does
not differ very much from the damping time of kink modes in tubes
with circular cross-section.
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Diagnosing MHD wave detections in the solar corona

D. R. Williams (1), V. M. Nakariakov (2) & A. C. Katsiyannis (3)
(1) Mullard Space Science Laboratory. University College London,
Holmbury St Mary, Surrey RH5 6NT (U.K.)

Pure & Applied Physics Department, Queen’s University, Belfast,
BT7 INN, Northern Ireland (U.K.)

Abstract

Filtergram experiments, such as SoHQ’s FIT and the Phillips et
al.  (2000) Solar Felipse Corona Imaging System have successfully
detected MHD modes in coronal structures. However, all such experi-
ments have suffered to varying degrees from the lack of (line-of-sight)
velocity information. Trapped modes — torsional Alfvén waves, fast
and slow kink and sausage waves — will all ideally manifest different ve-
locity and density perturbation profiles, but current instrumentation
cannot meet the spatial, spectral and temporal resolutions required
to differentiate between these modes at high frequencies. We present
various possibilities for the diagnosis of such waves with existing in-
struments, and the possibilities for detections with the next generation
of instruments such as Solar-B’s F1S and the MOSES rocket spectro-
graph design.
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Propagating oscillations within active region loops — Joint

observations with SOHO/CDS and TRACE

M. S. Marsh (1) & R. W. Walsh (1)
(1) Centre for Astrophysics,
University of Central Lancashire, Preston PR1 2HE (UK)

Abstract

Observations of propagating intensity oscillations have been ob-
served extensively at coronal temperatures with TRACE in the 171A
passband. A TRACE 171 propagation within a coronal loop is anal-
ysed along with co-spatial, co-temporal observations of CDS. Results
are presented of coincident periodicity at the same location and time at
chromospheric, transition region and coronal temperatures. Possible
explanations for this feature are discussed as well as future observing
programmes for further detection of such quasi-periodic variability at
the base of loops.
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Observations of temporal variations in the O VI line : loop
oscillations in relatively cool plasma ?

L. Dolla, P. Lemaire & J. Solomon
Institut d’Astrophysique Spatiale,
Unité Mixte CNRS-Université Paris Sud,
91405 Orsay Cedex, France.

laurent.dolla@ias.u-psud.fr

Abstract

We report off-limb observations of the O VI line at 1031.9 A, with
high temporal cadence (30 s), using SUMER pointing 33 arcsec above
the solar limb, on the West Equator. During one hour of observa-
tion, this line presented four bursts in intensity (the larger one not
exceeding an intensity increase of 80 %), each one accompanied by
strongly damped Doppler shift oscillations (with a period of about 7
minutes). This observations are similar to those of Wang et al. 2002
(ApJ. 574, L101, with SUMER), although our curves are more noisy,
mostly because the amplitudes of variation are far less large. To our
knowledge, these authors always observed such kind of oscillations in
very hot lines, whereas the temperature range of O VI doesn’t exceed
2 MK, which is more comparable with the temperature range where
loop oscillations have been reported using TRACE data.
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Closing Summary Review

Markus J. Aschwanden'
') Lockheed Martin, Solar & Astrophysics Laboratory, Palo Alto (USA)

Abstract

In the Closing Summary Review we attempt to synthesize the con-
tributions of this workshop, will emphasise what we have learned dur-
ing the meeting, what key developments we are still missing, and what
could be the key future issues in the theme of the conference.
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